Characterization and Remediation of Contaminated Properties
- Lessons Learned in the United States —

- BRGHRENBE —KERNZRE

Part 1: Risk Assessment and Environmental Screenmg Levels
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Learning from Past Experience
M ENZ KPS

There are three methods to gain knowledge:

The first, reflection, Is the noblest;

The second, imitation, is the easiest;

And the third, experience, is the bitterest.
Confucius
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References (draft translations in Chinese)
(reflects compilation of United States and other guidance)

S5 3CHR (BAa Rl B X0 )
(EEMEAE RS MIC5H)

1. Site Investigation: Technical Guidance Manual (2016 and
updates): Hawai‘i Department of Health, HEER
Office,http://www.hawaiidoh.org/

(BARIEZFH) (20165EAREFH) : EBRETTAEFBHEERDHAZE

http://www.hawaiidoh.org/

& {

2. Risk Assessment: Evaluation of Environmental Hazards at Sites
with Contaminated Soil and Groundwater — Tropical Pacific Edition
(Fall 2017 and updates): Hawai‘i Department of Health, http://eha-
web.doh.hawaii.gov/eha-cma/Leaders/HEER/ehe-guidance---pacific-
basin-edition

(LRI T KT TR B F i — — AR ) ( 20174
ZRULES) : EREIAEE

http://eha-web.doh.hawaii.gov/eha-cma/lLeaders/HEER/ehe-quidance-
--pacific-basin-edition
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http://eha-web.doh.hawaii.gov/eha-cma/%E5%8D%87eaders/HEER/ehe-guidance---pacific-basin-edition

HDOH 2017 Technical Guidance Manual
Training Webinar Series A& -5 £ 41[% 25 £ )
(includes subtitles and transcripts in Chinese £, &1 U FH 1 A)
Part 1. Systematic Planning and Site Investigation Design
SR G R AT S b A A
Part 2: Decision Unit Designation
T 7€ PR SR HL T
Part 3: Sampling Theory, Discrete Sample Data Unreliability
and Multi Increment Sampling Methods

KAFHIE, BHEREALAR A, 2 AN EREITA

Part 4. Field Implementation of DU-MIS Investigation Methods
2 RV R T VA I b S e

Part5: Laboratory Processing of Ml Samples
%2 RIM AR i 1) 5206 = A TE

Part 6: Expedited Environmental Hazard Evaluation Methods
(“risk assessment”)

PRI 16 35 (WU PPAG 772



Roger Brewer’s Background and Why I’'m in Nanjing
SRNESR; BATL2ERER?

1991 PhD Geology (minor in Chinese)
MEFEL (HEPX)

1991-1993: Post-Doctorate Researcher, Nanjing
University (Dept of Geology)
ARAKFHERELRE

1993-2005: Environmental Scientist (Hawaii DOH,
California EPA, international consulting)
WERZFX (BERRIDIEE  IMNHMER,
EFfr&E18 )
2005-2017: Environmental Scientist (Hawaii DOH)
WERZFR (BERRITIEE )
2017-2018: Visiting Scholar, Nanjing Institute of Soil
Science
MR TIERRRAILOFEE
Expertise: Expedited investigation, risk assessment and
remediation of contamination lands

TR REBBE - NQIHEASREMIEES 5




Why Don’t | Work for the USEPA?

N ABANKEHRE TE?

1970-1980s: USEPA initiates environment regulation and

publishes initial guidance. States lack
experience.

USEPA JEEMEE & IF R AW 3N, %
[ 5k = 2256

1990-2000s: USEPA begins to transfer responsibility of

1990-2017:

contaminated land oversight to states but
continues to provide important technical
support and funding.
USEPATT4H K15 G - Hb s B ST 1 58 45 45 M
, (B4R LRI B A RORSCRF AN BE <
Close collaboration with USEPA Region 9 to
develop more efficient and expedited
methods for site characterization and
environmental risk assessment.
HEEMRBIX BHEGIE, TR EGRM
BRI 1) 37 b SR AR A 55 XU DA 77 72



Why is the Hawalii Guidance so Advanced?
N A B BRI B 5530t ?
o Strong sense of environmental awareness;
5 L H) A IR R
* Urgent need for new housing;
Y 5 W AT 5
e Land is very limited and cannot be abandoned;
T AR AR, AR T
e Much of the land is owned or leased by the government;
KB 43 - Hb FHIBURF A BrE 55
* Provides motivation to improve efficiency of government
guidance (government’s land, time and money)
NRSBUNTE SRR RSN ) (BURF )3, I TR 580
« Strong technical and financial support from the USEPA.
55 [ A Ok J= 42 AL 5 K Y AR I B Ff

“Evolution takes place at the fringes of the environment, where the
stresses are greatest and the need for change most urgent.”
Carl Sagan (American scientist)

AT R IR E X, BB pERA, R iﬂﬁ?g
2%, " Carl Sagan (EREBI%%)




Common Problems in Contaminated
Soil and Groundwater Investigations

EE Sune: Zilk: W N RN NG

Need for repeated site

Site Investigation _ S
Investigations

SRS FEESTRGLAE
 Debates over risks and cleanup
‘ ‘ ‘ levels (“risk assessment”)
FRRARAFERER (R PEAS)
: e Investigation and cleanup can be
Environmental delayed for years
Hazard Evaluation FEAEELAE IR ELE
ﬂ:jﬁﬁ%(ﬂﬁﬁ)ﬂz{ﬁ * Abandoned Property =
“Brownfield”
| BEF = R

Cleanup and
Redevelopment

BB K




Two Tools to Expedite
Investigation and Remediation

il I‘J%ﬁ BEMBEERHA TR

1. Decision Unit (DU) and Multi-Increment Sample (MIS) site

characterization approaches.

REFHEITL (DU) AL [EERR (MIS) HHMRIET

2. “Balanced” Environmental Screening Levels and Risk-Based

Corrective Action :

“ P fETRY” PASESRELA XUFSr AH IE SR it 5



Science Challenges for

Environmental Investigations
HIEEE R

Multiple disciplines (geology, chemistry, physics, biology,
toxicology);

23R R, E. WEZE EMFE. BEP
Many sources of information;

iq:g%l%\%ﬁ?

Limited local expertise (government and private);

SHEFXFR (BTN ;

Limited Resources (time and money);

REFR (NEMES ;

Uncertainty in data and decisions;

B3 A PR SR ) AN E 1 5

Guidance must be scientifically defensible but quick, cheap
and easy-to-use.

SNLEEEEYE, HPGE. RO B,



Potential Environmental Concerns Associated
with Contaminated Soil and Groundwater

PrevailingWind 15 %%ﬂ:i%%ﬂf&Tmﬁ%B@%E%ﬁ vt} —
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Commercial
Industrial
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Presenter
Presentation Notes
Test soil, water and air for contamination required. Past Process: Consult experts in human health and ecological risk assessment. Run models and estimate potential risk to workers and future residents. Develop cleanup plan. In the early 1990s the average time complete the assessment and initiate cleanup actions was over one year. The project would often be shut down until then.


Gross Contamination Hazards

(espeually Important for petroleum)
= ,5*@-3( X:IE%E;%EQ - |

e Odors & nuisance QB T . =
- Explosive vapors JRIEESE
- Potentially mobile free product Tﬁ%ﬁ?@ﬂﬂ*ﬁ

e Interference with future developmentisFIRRFKIF K
« General resource degradation. . — R BEYRIBLL.




(USEPA) INDOOR AIR
(= [ 52 TN

Nuisance it Vapor Intrusion

(Massachusetts)
Terrestrial O P UED .. (USEPA, etc)
) Health AN GEEMRE)

Habitats
: > AR A
(site specific) Direct Exposure

i A= A L (USEPA RSLS)
(%7 7€ Ly i) HE#G CGRENRE)

SOIL+ 3% SOIL GAS TI#ES K

TR (USEPA, etc.)
Leaching ﬁiigléﬁggsachusetts) CE [ 3 25

Aquatic Habitats
GROUNDWATERf@, 7 Vapor Intrusion
(USEPA, etc.) T K U i

IKAA S RN
(GREAIRE ) (R E P IREE)

Nuisancefi & Human

(USEPA, MADEP) Ry Drinking Water

(EEFRE, s
L) S N



Presenter
Presentation Notes
Initial sources USEPA, Massachusetts, etc.  Use similar approaches to develop screening levels for chemicals not listed in references.  Adjust to local conditions as needed.


INDOOR AIR

. 0.36 pg/m?

ENTEA

Vapors to |1A

0.77 mg/kg
Gross Cont. = RN
500 mg/kg Human
e Health
NAAAE R Direct Exposure
1.2 mg/kg

HAR R

SOIL -4 SOIL GAS LIS 1k
Leaching: 0.30 mg/kg 720 pug/ms3

MR
Aquatic Habitats GROUNDWATER # T 7k Vapors to 1A
2,300 pg/L

71 ugl/L
TKAE A JE

Terrestrial
Habitats

site-specific
i A A S
58

Gross Cont. Human Drinking Water
170 ug/L Health

ISSEES

N R


Presenter
Presentation Notes
Benzene Soil and Groundwater Screening Levels (assume unrestricted/residential land use, exposed soils, over drinking water)

Final soil Tier 1 ESL = 0.30 mg/kg (based on leaching hazards)
Leaching drives soil contamination concerns for benzene in this scenario (i.e., action level for leaching lower than all other soil screening levels).

Final groundwater Tier 1 ESL = 5 ug/l (based on drinking water toxicity hazards)
Drinking water toxicity concerns drive groundwater contamination concerns (i.e., screening level for drinking water toxicity lower than all other groundwater screening levels).


Example “Environmental Hazard Map”
wH KB REE

Gross Contamination

Direct Exposure Risk Area

,g, ,e:m,, - Risk Area

Vapor Intrusion &=
Risk Area
FIRNZ NG X

Y

Leaching

Risk Area
IR XS [X

-_—

p- e iy

A

Example Remediation and Redevelopment Design:{& & F1BEF & 181+ ~Hl

« Active remediation of Gross Contamination and Direct Exposure, Vapor Intrusion

areas; B E LT RUNERREZ . ZAARSNKKX
Groundwater monitoring of leaching risk area. T 7K $5 075 72 #0A XU B Y IX 155

15




Full or Partial Remediation and Long-Term Management
£ ERERER S H R IS

Leaching

Risk Area
IR XS [X

JQ" e

-

Example Remedlatlon and Redevelopment Design: 1I“§$Dﬁﬂ:7ilzl+‘l‘1§|
« Active remediation of Gross Contamination and Direct Exposure, Vapor Intrusion
areas; R iEE i LI L EEZRE. ZAARENKRKX
« Groundwater monitoring of leaching risk area. T 7K M 7= 72 #08 X b6 B9 X 33
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Target Health Risk versus Remediation Requirements
BirEERG SEEER
USEPA EPA 2017 (Removal Management Levels):

“Where the cumulative carcinogenic site risk... is less than 10 and the
(cumulative) non-carcinogenic (index) is less than 1.0, action generally is not
warranted.”

"Dt Rt B0 N N T10, (R AREUE (FR%ED DN T L 0N, IEH AR ERBUTE). 7

No Further *potential Range Remediation

Investigation  of Screening Measures

Wa}rrajrlt‘ed Levels Warranted

A —VRE gk EEE R R
A >

A
! l...
Cancer Risk (Adults): 0 < :/10-6 —————— [ 10HN\e——— =
SO () - (
Noncancer Risk (Children):( « N1/ e=———- »\ 1.0/«
Yo R L) - Low Risk High Risk
h >

*USEPA RSLs reflect most conservative target risk necessary

(most conservative of potential range of acceptable screening levels)
5 AR 2E X A e AR K FH ) H XU 7K1 B 9 PR ST




Remediation Measures Always Required if

Excess Cancer Risk >104 and Noncancer Hazard >1.0
MEBEHENG> 104, EBBREMR> 10, T RESEIE S LG

USEPA 1991 (OSWER DIRECTIVE 9355.0-30):

“For sites where the cumulative site risk to an individual based on
reasonable maximum exposure... is below 10 (i.e., low excess cancer
risk), action generally is not warranted.”

MERAFEEMBARRE, WMEHORING. EF104 EHERRE ) MHt
BEREERITD -

USEPA 1994 (National Contingency Plan):

“In cases (which) result in a cumulative risk in excess of 10 (i.e., high
excess cancer risk), (site-specific factors) may be considered when
determining ... (remedial actions and final) cleanup level(s).”
“FERITNPREBE104 (EEBEMK ) WERT - ERE... BEThfRL ) 5EE
PREY - OIER (AMASIEREE ) -
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PCE Target Risk vs Soil Direct Exposure Screening Level
R ZIEH B AR S TR E R B IRk E

Cancer Screening Noncancer Screening
Risk Level Range Hazard Level Range

— 104 <-{==1> 110 mg/kg

- 1.0 <{-{> 87 mg/kg

t

Q

2 £

<.:_:’ final 5

49-0 screening level n 'S:a

|':° B & iR ‘g
4 S 0.2 <[> 17 mg/kg

105 <-f={> 11mg/kg

Q‘O-G <> 1.1 mg; IED = 0.1 <f > 8.7 mg/kg

Considerations: Volatile chemical, inhalation risk, high confidence in cancer studies, often present with other
carcinogenic VOCs.;EE 1 | EBRMIEZEYR - RAXK - BEYNMRAUEES - FESEHMBUEMHVOCs—EH .



Arsenic Target Risk vs Soil Direct Exposure Screening Level

M ERRRS S LR E R RE
Cancer Screening Noncancer *Screening
Risk Level Range Hazard Level Range
FRAK AR | FEURAER  BREE
— 10* <{=|> 41 mg/kg
final
screening level
& /
= . /
< — (1.0 <[> 23 mg/kg
A &
105 <|==|> 4.1 mg/kg % 0.2 <|-|> 4.6 mg/kg
| 10 <-leel>0.41 mg/kg E 0.1 <{-{> 2.3 mg/kg

Considerations: Natural background, higher confidence in noncancer studies, primary risk driver if present,
*bioaccessible arsenic. 7RI HAY 5, USSR EEE S, FEXGIKIIEZER, LV,



Example Adjustments to USEPA

Soil Direct Exposure Screening Levels (residential)
X USEPA RURBI % 22T HHRRRE (FE)

Initial LAdjusted
Chemical Level Level | Rationale
2 (mg/kg) | (mg/kg) | im
HQ =1.0; Natural background;
A . Higher confidence in noncancer
wrsenlc 0.68 23 toxicity factors, risk driver H &
5 B EEIN - A E B e,
s IR )
o HQ = 0.2; Higher confidence in
Ke;[:z(g)(gpyrene 0.11 3.6 noncancer toxicity factors FEEJ
a PR - A5 BE
Total Petroleum | Carbon Veighted Expedited decision making;
TPH Fuels
Hydrocarbon Ranges R A Reduced laboratory cost
b apiile: T gy | IO, AR 2 ple s
1. Must fall within USEPA 10-*to 103_\9%, %alculation of cumulative risk required if

multiple chemicals approach screening levels.
WA ZIAEUSEPA 104210870 R N 40 R 26 Mb e i 32

27K IFR B AR AU




Chemical-Specific Target Risks

and “Balanced” Screening Levels
B MMEZ & HI B AR X Q0“8 7 A i e E

Chemical Target Risk Rationale

=t H PR XU K&

*Default (most VOC) ECR = 106 Most stringent screening levels
B\ (KBEIELM(LEY) HQ = 0.2 necessary (starting point)

s RSB (R

Arsenic, Aldrin,
Chlordane, Hexavalent
Chromium, Dieldrin,
Dioxins, Ethylbenzene,
Heptachlor, Heptachlor
Epoxide, Naphthalene,
PAHs, PCBs, Total

Petroleum Hydrocarbons
fifl, SCECH - &P RIES
K » 83 2K £&
LEHENLY) 55 S5
ZEHR > SRR

ECR = 10"to 10
HQ=0.2t01.0

Hokn S
=10-4£(10°

fEER
=0.2% 1.0

* Natural Background,;

« Anthropogenic background;

» Higher confidence in noncancer
toxicity factors;

« Often primary risk drivers;

« Evaluate cumulative risk as
needed.

HIRE = ;

ANHEE o
FEHyERIER A EE S
R S E SR T

T BT A XU

22




EHE Summary ssmswssnsgs

EHE approach with ESLs expedites screening of site data and
Identification of potential environmental hazards;

KA BRI RAE AT IR E VA T BRE SRR, RN RS,

ESLs “balanced” to consider background, confidence in toxicity
factors, target risk, etc., to make more useful for quickly determining

remedial actions;
SGekRER . BERTFHTEE . BRRRERE, THTIEREBEETE;
Minimizes needs for time consuming, expensive, detailed risk

assessment that would result in the same decision;
RKIREHIRADFER, B5t, AR PPl B R SRR S BUHE R B R €

Site-specific “forward” risk assessment allowed but must address
ALL potential environmental concerns and explain deviations from
default assumptions used in ESLs.

ST R E s R PG, (ELUFCE BT A BRI RIAE, I SIHRHEEFRIMRK
R -



Common Problems in Contaminated
Soil and Groundwater Investigations

EE Sune: Zilk: W N RN NG

Need for repeated site

Site Investigation _ S
Investigations

SRS FEESTRGLAE
 Debates over risks and cleanup
‘ ‘ ‘ levels (“risk assessment”)
FRRARAFERER (R PEAS)
: e Investigation and cleanup can be
Environmental delayed for years
Hazard Evaluation FEAEELAE IR ELE
ﬂ:jﬁﬁ%(ﬂﬁﬁ)ﬂz{ﬁ * Abandoned Property =
“Brownfield”
| BEF = R

Cleanup and
Redevelopment

BB K




References (draft translations in Chinese)
(reflects compilation of United States and other guidance)

S5 3CHR (BAa Rl B X0 )
(EEMEAE RS MIC5H)

1. Site Investigation: Technical Guidance Manual (2016 and
updates): Hawai‘i Department of Health, HEER
Office,http://www.hawaiidoh.org/

(BARIEZFH) (20165EAREFH) : EBRETTAEFBHEERDHAZE

http://www.hawaiidoh.org/

& {

2. Risk Assessment: Evaluation of Environmental Hazards at Sites
with Contaminated Soil and Groundwater — Tropical Pacific Edition
(Fall 2017 and updates): Hawai‘i Department of Health, http://eha-
web.doh.hawaii.gov/eha-cma/Leaders/HEER/ehe-guidance---pacific-
basin-edition

(LRI T KT TR B F i — — AR ) ( 20174
ZRULES) : EREIAEE

http://eha-web.doh.hawaii.gov/eha-cma/lLeaders/HEER/ehe-quidance-
--pacific-basin-edition
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Why Collect Soil Samples?
SIS e T

1. Estimate the extent of contamination that might pose an
environmental concern (direct exposure, eco risk, leaching and
groundwater impacts, gross contamination, etc.).
TR R BRI (B, AR, WA ST KRR,
B RE) WITRER.

2. Estimate the true or “average” concentration of contaminant for
targeted area and volume of soil (e.g., a “source” or “exposure”
area).
it B XA AR RN ES T RE (B, “PFE” 5 “#
57 XD .

All data for particulate matter like soil represent an “average.”

B R HOX R R AR YR B PR Bt 2 < PIyE”




1980s USEPA Soil Sampling Guidance
Based on 1970s Guidance for Industrial Waste

2014280 ES] + 3
TESELE T
J English Ei&

X

French %15



Presenter
Presentation Notes
USEPA selected sampling methods developed for “uniform” industrial waste rather than methods developed for soil and mineral deposits developed by the agriculture and mining industries.


1980s Origin of “Discrete” Sampling Methods
(based on testing of industrial chemicals and waste)

20t 80T I A “RIEL” RAEFET A
(ET Tl 5 R

“The PCB level is assumed to be uniform within (a contamination
zone/spill area) and zero outside it.”
USEPA 1985: Verification of PCB Spill Cleanup (basis of TSCA regulations

and guidance)

“PRE (JTRX B IEIX ) PCBA-FEEA, XBHHE, "
KEMRE 1985F: TRERMIFEEMZE (TSCA 51815 N KIZERN

“When there is little distance between points it is expected that there will
be little variability between points.”

USEPA 1989: Methods for Evaluating the Attainment of Cleanup
Standards

“LRIE R IR RADRS, MBI L PR BSR. ”
EERRE 19894F: FEIIRIRHITIAE Fi%

* Implications: Location of sample within targeted area and mass/volume
of sample collected NOT important;
& HRXBHRRRAE R R AP EE
* Greatly simplified environmental investigations.
KRR THERE. 28




Common Problems with Discrete Soil Sample Data
TR R O B3R O UL ) R

Need for multiple remobilizations and “step-out” investigations
HEZ RN AE

a v o
AT £ - i o

Failed confirmation samples and multiple over excavations
AR A SR REE

Accidental Import or Export of Contaminated Soil
. ROMEMBIE TR LR

29



Example Excavation Plan Based on Discrete Data
T EBEEKETR

» 25 discrete soil samples collected:;
KA T 250 BE R LR

o # Samples based in part on budget;
# B B0 o B T T

» Soil excavation plan prepared.

5 IR

Apparent ' =3

Isolated Hot Spot m“
BB R X AR A

Apparent

Isolated Cold Spot
iR AIE | 27 Y

__| X: Detected above 1ppm screening level

Initial Sample Results
HIBRRFEL R
X: Not detected Fir
: Detected but below 1ppm screening level
K, (B{&T 1ppm B fHEEE

Reth, ARF Lppmefii

30



Failed Excavation Confirmation Samples??
2R AR A B 4% 272

e Multiple failed confirmation samples; | | Confirmation Sample Results#i\R# 4 £
SN A : Not detected ##H
* Additional excavation and . Detected but below 1ppm screening level
resampling required; K, EETFlppm KIfFEME
TEBFUIITEEMERT R, . Detected above 1ppm screening level #i,
* No clear end point; BET1ppmiiskd
BHEUHRRNA R T )
Significant added time and cost to : *
project.
B ER NG H e AR

—

31



Every wonder...?

“What if | moved my sample

point over a few feet?
MRBICKFE BB T ILER, 2EARE?

F— RIS

“What if the lab tested a

different aliquot of soil?”

“MRERENRANORA—H LI, SRE
/A% %? )

Metals:
0.5-1.0 grams

VOCs: PCBs, Pesticides, Dioxins, TPH, PAHSs:
5 grams 10-30 grams
BEREHEIULEY: PCB. ZFMH#|. —®F. TPH. PAH:
5 10-30 7%

32



So did we... Discrete Soil Sample Variability Field Study
MBRAD..... BEEERE SRR TG R

o 24 grid points designated at each of 3 sites;

3 NG E T 24 AN
« Hundreds of discrete samples collected,;
KR T B AR
 Multi Increment triplicate samples collected from same
areas.
ME—F XBRE=EAZ AHBESH.
Study Site A Study Site B Study Site C
(arsenic in wastewater)  (lead in incinerator ash) (PCBs transformer oil)
Bz A B FL373 B iviksb:: A
CBE7K ) C CEEREBRT D)  CBEE

13,500 ft2 area ,500 t2 area 6000 ft area |

TH#R13,500 FFER HEHH1,500 FHFER TH#16,000 FHER

Small-Scale Variability of Discrete Soil Sample Data (HDOH 2015)

BB B Aa F 19 EESZ M (HDOH 2015)
http://eha-web.doh.hawaii.gov/eha-cma/Org/HEER/ 33




Published Study Results
RIS

Roger Brewer, John Peard & Marvin Heskett (2017)
A critical review of discrete soil sample reliability:

e Part 1 — Field study results
e Part 2—Implications

Journal of Soil and Sediment Contamination.

Part 1: DOI: 10.1080/15320383.2017.1244172
http://dx.doi.org/10.1080/15320383.2017.1244171

Part 2: DOI: 10.1080/15320383.2017.1244172
http://dx.doi.org/10.1080/15320383.2017.12441/2

Field report and recorded webinars posted to HEER webpage
http://eha-web.doh.hawaii.gov/eha-cma/Leaders/HEER/Webinar
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http://dx.doi.org/10.1080/15320383.2017.1244171
http://dx.doi.org/10.1080/15320383.2017.1244172

“Low” Variability at Arsenic Study Site

(arsenic-contaminated wastewater, fine-grained soils)

PRI L5 k" ZRE
(PE/TRBEA YR )

Grid Pt #2 5 Inter-Sample Variability
P F#2 E PR AR

Variability between co-located samples
RS

R B

Average Variability = 2X
- CPHERFRE = 2X

35



“Moderate” Variability at Lead Study Site

(lead-contaminated ash mixed with soil)
BB Tt P R ESRK-TIREY)D

i Inter-Sample Variability
Grid
¥ i LUE

R

Hawali'l Lead
B BHES
ESL =200

mg/kg

1 Variability between samples is random and not

indicative of larger-scale trends
R B AR R R AR, MMREERRERES

£ 3

Average Variability = 7X
- CPHERFRE = 7X

36



High Variability at PCB Study Site
(Waste transformer oil poured on bare soil)
PCB#F 7 t7# “F~ A&
(@@Jﬁiﬁﬁjﬁ%h R AR Fe A3 )

[ Grdpteoa - Inter-Sample Variability

}ﬁ#24 : | #n I &

37



an;

Suspect PCB-Infused Tar Balls (Nuggets)
FERIPCBEBE K AEMER (IO

“Thin
__ _OuterRim

. - %

| icrograp
(different nugget)

[y s s/ _
CARFEND Suspect PCB-Rich
Nugget in Soil
TP EELIE SPCBRI/NR

Implications: B« :

Very low concentration if no nuggets included in 10-gram laboratory
aliqguot; B10RXREZENHFERRERR - IREIFEE

Very high concentration if no nuggets included in 10-gram laboratory
aliquot; MB10RLREZFHDIHETRBER - WKEIFES;

Reported concentration is random and not reliably representative of
sample provided. REREZMENN - ApECISEMARPIREENE M. 38



Discrete Soil Sample Data is Random

within an Unknown Range of Concentrations
B R A A R B R — AN R SR B TE A T BE DL

 Small-scale, random variability of Concentrations
contaminant concentrations over a few S highly variable
inches or feet; | around any given
JUZET BULIER 15 Je ik BE /N R B BB HIPR Fe Es | grid point
Concentration reported for any given | RS R R
discrete sample is largely random; ' E AR
FEAT 45 SE MBS BB AR AR S5 IR BE AR KRR B LR BEHLAN; 3 e
Statistics can’t fix bad data.
Gt RIRBE IR
; - _

L1 yhor - e R g

Problem can’t be fixed by collected more discrete samples 29
ToIR T R T % B RURE b RAR SR 19



The Problem is Simple:
Discrete Soil Samples are too small to Overcome and

Capture Random, Small-Scale Contaminant Variability
5] AR ] B«
BB AR, TR RN D RES fR R

Result:
o
« Lab data not reliably representative of

discrete sample submitted,;
LI AR LE AT EH AR RAT R B B A

* Discrete sample not reliably
representative of immediate area where

it was collected.
S BUREAS B B S0 1 C 8K 15 PR Y X 3R

40



215t Century Enlightenment
211 5 FIE )

What we thought in the 1980s:
1980440, BATRIXFAEM:

a Bowl of Steamed Rice

L EIANTX

« Contaminant concentrations identical
regardless of sample location and
mass of soil tested sample;

TRREMEARE, MXLEEENREGEZX, 5

B EHRAR ) 5
- Testing of any given, small mass will

be representative of area as a whole.
o FEATEE /N R B A IR R AR A X AR

What we know in the 2010s:
20104548, RATA40E

Contaminated Soil is like

a Bowl of Fried Rice
Eie IS — IR

« Contaminant concentrations can vary
significantly between discrete-size
masses of soil;

« NEBEBREARRTES IS RYIREZERMRR;

» Collection of a large sample made of
many “increments” is required to
obtain representative data.

« NTIRBARRRENLEE, TEAEHRS [HE”
HRRHIRBEA .



Think About the Implications...
EE—FEN.....

Need for multiple remobilizations and “step-out” investigations
HERELZ KLY

B o e

Failed confirmation samples and multiple over excavations
| WARRA SRR B |

Accidental Import or Export of Contaminated Soil
ﬂﬁ%%ﬁﬁﬁ@&ﬁ%iﬁ
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Site Characterization Error (Discrete Sample Data)
AT YRST (B B AR

P >Action Level ® <Action Level
>{TEE <fT3E

Former Power Plant (PCBs) BER ] (Z&EEZE) |

i Discrete data: Estimated 10,000 ft?soil

| BEEIE: 10,000 EHER A LIE

Premature termination of investigation __
LA WHERA L | A
“False By Ej'ﬂ R , il i 1 ,.i,\*

Negatives” _ ﬁ | L .. x5
Unavoidable g : e . &
BRI\ | o 2 - Vel ¢

Er#s g - B Semnia, |
i e 1.5 Acres
&"‘.“'_ s 450 Wkam;,mav“w 1.5%?

PCB sample aliquot = 30 grams (one spoonful of soil)

PCB 7+#=30 7% (—&+3iE) 43
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Decision Unit and Multi Increment Sample Investigation Results
RKRITCEZ I EFEAR N AL

> Action Levels B < Action Levels
(P B A7
Former Power Plant (PCBs) JREZ ) (ZHBEK)
MIS Data: Estimated 25,000+ ft2 50|I

a MIS $cd8: Fiit25,000+ PHER L
Discrete data significantly underestimated extent of contamination g

o

Investlgatlon Continuing (217)
WAL (2017)

44
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Discrete Sample Data Risk Assessment Error #1
Representativeness of Single Data Set Unknown

BRI A BOE KR P R #1; BN BRI R S0

Study Site B (Lead): Calculated 95% UCL based on different
combinations of grid point data

Bt (4 « RIEMIE RBEENARASTHEH5%ERE EFR (UCL)
AIAT TR *Lead (mg/kg)

Lowest Median Data Highest Data
Data Pts Pts Pts
Parameter&¥| B/MA F{E mAE
Mean F3{E: | 131 mg/kg | 262 mg/kg | 452 mg/kg
RSD: 58% 53% 64%
95% UCL :| 157 mg/kg | 325 mg/kg | 559 mg/kg

Statistical tests only evaluate the precision of the test method used to estimate a mean

for the data set provided; ZEitMliA R g8 T TH A &R &£ P 39E R 7 R B s

Field representativeness of single discrete sample data set unknown;
BANBEBEAGREEN SRR R

RSD can provide some clues (e.g., high = lower certainty) but sample collection method
IS most important part of quality control.

RSDA{RHIRELR (W0, ®= BREFEN) , BERAMRETLRREEFBREZLED



Presenter
Presentation Notes
1.	Mean and 95% UCL based on use of lowest, mean, median and maximum concentration reported for each grid point.
2.	ProUCL Version 5.0 (recommended UCL noted)


Discrete Sample Data Risk Assessment Error #2
Inappropriate Deletion of “Outlier” Data
BB A A BEE R VPR #2, N4 « REE” BB

« Statisticians often receive un-interpretable soil sample data,;

B2 R G B W R L EAEREF 38R B R
 Exclusion of “outliers” from data set distorts estimation of mean in a risk
assessment;

MEHREEFTLE REE” SEXNRPEFFHERNGERE;

« The sample data are no longer representative;

HARE AN AR F R

» Geologists would never delete (or over interpret) data for “discrete” gold
veins in an ore body.

WRFZRLEAMER (EOEERERE 7k B &0 KR,

All data not known to be in error . OutliersAre Important .
should be considered valid... High .~ JREE
concentrations are of particular
concern for their potential health and

environmental impact.

FrABNARER BRI FAL..... IR R
TR RR 5 PR SRS AR T B SRV 1 )

USEPA 1989. Methods for Evaluating the Attainment
of Cleanup Standards

KEMREL198YE. JFEE BRI IS T2

= A%y A P 2% 46




Discrete Sample Data Risk Assessment Error #3
Erroneous Search for “Maximum” Concentration

BB R AR M PP 5 R #3; SR TR “BR” WRE
1mm 100,000s ppm

< frror

“Thin
~ _ _OuterRim

Concentration #3 Concentration #2

(P(ﬁ%ﬁﬁix) (Sm%'ggnugget)
3 #2 .
(PCBHEJ5) CAANERD) “E
Concentration #1

(whole sample)
» Soil screening levels based on chronic, long-term random exposure; WE #1
TIEFFIREIE T8 KHARBEIL (B
e Concentration varies with mass of soil tested;
W BT 6= 9 7 BT
e Maximum concentration always 0 % (absent) or 100% (present).

BAWRELHEZ0% (AFE) Bi100% (FF1E) . 47



Solution: Sampling Theory

RRTR: REEHER

Step 1: Decision Unit (DU) Area Designation
F1  RREITEREE

Step 2: Multi Incrgment Sample (MIS) Collection and Testing
$IR2 . ZRBEFARENN

Sampling Theory TrainingEEEEE 835 9)1|

1. Envirostat, Inc.:

Chuck Ramsey (www.envirostat.org.)

Four-day, detailed introduction to sampling theory and Multi-Increment
Sample® (MIS) site investigations.

R, HRANARFEERNZ SEEERC (MIS) FHIEE.

2. Hawai’i DOH Technical Guidance Manual
Implementation of DU-MIS investigations in the field (August 2016)

*BRETDAEE (BAEZFEH)
P sEfDU-MISTEZE (20164E8H )

http://eha-web.doh.hawaii.gov/eha-cma/Org/HEER/




DU-MIS Step 1: Designate “Decision Units” for Characterization

BB’ 1 EGHAER RIEHETT”
DU-MIS Step 2: Collect a Representative Sample From each “DU”

ST, 2: B RREITL” FREMARERFEH

Decision Units Types

R B ITLREY

Exposure Areas

Source Areas

Decision Unit Basics:

RRBTTHAER:

e Area/volume of soil about which a
decision will be made;

B SRR ) L B 1R

* Designated based on suspect spill areas,
risk-based exposure areas, boundaries
of contamination, remedial action
design, etc.;
ET B E NREXIR. /75849257,
BREATS R/ FRRBUE;

 One sample collected for each DU;
MR ETTHRE A

* Replicate samples collected in some

DUs to test data reproducibility.
Bt e — LEDU AP WL ER B AR i AT 038 R B

* DU = Volume of soil you would send to lab as a single sample if possible;

RKETT = MY EMFMPE B LR E R HIRER TR

* Used in the mining and agriculture industries for decades;

BEAERT WARVAER T JL+4;
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Step 1. Example Designation of Decision Units

SR 1. W RFEITTHIR B

: 5 —
73 Arsenic Screening Level: 23 mg/kg ’
i RIfFE%E{E: 23 mg/kg
Perimeter DUs [ ol Rt 0000 -
(8 total) ol ; &y =% Spill Area DUs
B S L v hae (4 total)

(it o | B i 52 X bk 26T
IS YimeE i " (B34

Y

Example suspect arsenic spill area;
AR B X 330 FH

Estimate extent of contamination:
TS YRR

Determine if mean arsenic concentration exceeds soil screening level.
T e e F) R P R 77 Y e T SR R A



= X: MNRZ. BEYONEE

Step 2. Collect Single “Multi Increment” Sample from Each DU
BT 2. NN RRBTTHRELN L HME” X

Single, large (1-2kg) MI sample collected from each DU,

MR TP RE B L RN B AR BN RER (1-2kg)
Minimum 30 to 75+ “increments” per DU;

BN PSREITTRDH 30875+ HE”

Triplicate Ml samples collected from 1 DU to test field precision of sampling
method (e.g., suspect most contaminated, highest risk, etc.);

%’g};:@g;ﬁfn*%ﬁzﬁ‘ﬁﬁi@iﬁm TR ERIGRE (I, SRR E,
Samples pr,ocessed and subsampled at lab using same M|l methods.
SEH E 3B A Iﬁ# )ﬁiﬁﬁ‘&‘ﬁﬁ# i BT SR ERAT —IRHHFE

e —

X: Increments
collected from
systematic, random |
grid |

Replicate Sample Data

Sample #£5 A: 140 mg/kg
Sample #£5 B: 179 mg/kg
Sample £ C: 135 mg/kg

RSD = 16% (good #F!)
95% UCL: 192 mg/kg




Multi Increment Sample Collection
ZRBEMNARSE




Multi Increment Sample Collection
ZRBEMNARSE




Multi Increment Sample (typically 1-3kg)

ZRBEMARSE EFE1-34T)




Laboratory Processing and Subsampling
SEU AR RO %

« Sample air dried and sieved

HmXF - " (NWVOCERFEFRES)

 30-50+ increment subsample

collected for analysis;
F£30-50 BEFHARBTHM

EAHENH105

« Preserves field representativeness of
original bulk sample;

REB T RIg RIFARIA RN

« Test replicate subsamples to check
precision.

MHEE FFEARRUERBE

(preserved iIn methanol for VOCs);

« Minimum 10 grams must be tested;
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Presentation Notes
Evenly distribute prepped materials onto a tray covered with Aluminum foil, butcher paper or other inert cover. The sample layer should have a depth similar to the depth of the rectangular scoop that will be used for sampling.
For inorganic metals digestion, use a smaller scoop to sub-sample an aliquot size of 10g or more and store in a pre-cleaned container. For organic extraction, use a rectangular metal scoop to obtain an aliquot size of at least 30g in a pre-cleaned container. 
Perform the sub-sampling by taking random scoops from the sample on the tray. The scoop should be taken evenly from the top to the bottom of the soil.  A stratified random approach should be used. Each scoop must represent approximately 1/30th of the desired target mass of 0.33g or 1 g respectively.  Practice on a few scoops before proceeding on the entire sample by measuring the weight of one scoop of soil. This may be done less frequently with knowledge of the type of soil.  Once the desired amount is achieved, take scoops to represent the entire area of the tray in a random fashion.  Record the final weight, which should be at least 10 or 30g.  If the final amount is less than the required amount, take a few more scoops.  If the amount is much greater than the desired amount, it may be necessary to recombine the sub-sample and start over.




Example DU-MIS Results
DU-MIS gz%a

Additional testing required in one Confirmation Sample ResultsHiiAFE M
area; g

— MR TEBSNOWIR; [: Not detected At

Confirm depth of contamination |[]: Detected but <screening level % H{E
prior to excavation (subsurface 1S).l & TR

Eﬁﬁﬁ?ﬁﬁ%ﬁ%ﬁéﬁ ($% F1S) . il - Detected and >screening level i
| FHR TR E

Additional Step Out
Testing Required

| BERYCR TR
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“New” Old Ideas and Simple Solutions
‘B IHE SRR R

Collect a LARGE sample (Sampling Theory);
RERFES CREER) ;
From multiple points (“increments”);

REZR CHE” ) ;

Within a well-thought-out, targeted area (“Decision Unit”);

R LSRRI BRI (REERITT” D

« With clearly defined characterization, risk and/or remediation objects .

A AR XRRERR . KERA/BBEXN K.

Particulate sampling theory is new to most environmental investigators even
though the techniques used to apply the theory to soil sampling are familiar.
MNTRBSHRRAEENS, BAKEERRE—MHER, RERERNAR 3R
KA B K I BOR AR R R AR

USEPA 1992, Preparation of Soil Sampling Protocols

EEIMEE 19924F, R FI9H#]




Dividing the Property into Decision Units for Testing is the

Most Important Step (many examples presented)
SRR AR AE L TH TN EREENSE (BB THS6T)

Former Industrial Properties
JR Tl st B

Test the Entire Property
MNP EE D 1 R
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Use of Discrete Sample Data

to Assist in DU-MIS Investigation
| 7EDU-MISIEES o 5 B 5 FR =2 B AN U

@ Discrete samplesagtix

ABOO

‘erence pnatt

29



Large Agricultural Fields
RRH

4

i
TR

-
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Very Small Spill Areas

SEE/MRIMEER

61



Drainage Ditches and Canals
HEIK B ]

62



Excavations s

& & o o @ o
X X X X X X
X X X X X X
DU-3
X X X X X X
/
X X X X
X X X X
DU-1
X X X X
X X X X

63



Stockpiles ==
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Ecological Habitats sz

N

— Upland
] Intertidal

o Hame

O %7 o

65



Trenches and PIts sz

Subsurface
DU Layer
(6”- 1 ft)

WRE+1HE DuE

Subsurface
DU Layer
(1 ft — 3 ft)

WRZE 11 DuE
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Subsurface Investigations swis=

Core Increments

rd

Ideal 30+ Increments
per DU Layer |

DU-1

<——DU-2

+<— DU-3
«~— DU-4

I

—J

JW

DU Layers designated based on spill/release characteristics;

Each core through layer represents an increments;

Subsampled and combined to prepare a bulk M1 sample for DU layer;
Smaller number or cores or even single borehole (‘Borehole DU’) to
determine presence or absence may be useful but use with caution.

b7/




Single Boreholes Subsurface DUSs
B eafLih FDUs

/\

Borings

Contaminated Fill

Leaking
Tank

Estimate lateral or vertical extent of contamination;{i 115532/ #& @) 2 2 (655 F

Boring divided into targeted DU layers for sample collection (staining, soil type, etc.;
no discrete samples); L L5 AR B ARDUEHTRAE (36 - TIFELRE  TBHER)
Entire core interval sent to lab for processing (or subsample with replicates to test
subsampling precision; 24 L SEERISLNEFHTAE (NIREEEFNN I HFRIEE )
Presence or absence only; REFEBFFHE

Risk of false negatives. {E&BAE X
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Volatile Chemicals sx#iss

69



Sediment ssw

T i [ L = e e I

Warshouse 10

2 :,
AN LTI -
:l
/ r
t - -

1’ Maintanance Shop

Caaling Water Intake.
Cutfall 004,

e i

S CIOuTall 015
: “Outfall 023 .




DU-MIS WEBINARS #1 & #2: SYSTEMATIC PLANNING

AND DECISION UNIT DESIGNATION (TGM SECTION 3)
DU-MIS RIS S # 150#2 : ROAMXIFRK A ICBE

SURFACE TRENCH
EXPOSURE WORKER

DU SoliL DU SoIL

71



DU-MIS WEBINARS #3 & #5: DU CHARACTERIZATION &

MULTI INCREMENT SAMPLING METHODS (TGM SECTION 4)
DU-MIS RIS = # 3F0#5 : DURNEFI L S8 R A%

Discrete Problems DU-MIS Solutions
B Bk A B DU-MISHE R A2

Brewer, R., Peard, J. and M. Heskett (2017).
A critical review of discrete soil sample reliability:
o Part 1 - Field study results
e Part 2—Implications
Journal of Soil and Sediment Contamination. 72



DU-MIS WEBINAR #4: FIELD IMPLEMENTATION OF DU-MIS

INVESTIGATION METHODS (TGM SECTION 5)
DU-MIS WIS = #4 : DU-MISTR 7 J5 15 (1 B3 S it

Decision Units .

-




DU-MIS Methods for Agricultural Fields

and Contaminant Uptake into Crops
DU-MISIEH A R A4 Se 1 1

S ‘,:'__"u.__;‘_ — - rom

2,
-

Sk

Possible DU Designation Factors: "IaEfIDUIR EE =

o Current and past crop types; a0 EAI1EHY)2EEL

o Soil type; 1A

* Drainage; kK £4:

o Separate paddies; #3rpFEH

o Separate slopes; ¥ 37 # 5%

 Irrigation water source;;& 8Kz

o Other desired research factors; £thFrFEHME R R

e One MI sample collect in each DU;#&4DUHSEE1PMIFER
 Triplicate MI samples in 10% of DUSs. #£10% DU R E— =X =3MIFF K74




China Will Make Important £ Advances

HH "‘/I%‘E:X'f%_ig - iR

Investigation and cleanup of contaminated properties in the
U.S. can take many years;

ERE, FAENFEG LM RRERZE;

Rapid growth of urban areas requires that China significantly
Improve and expedite this process;

BT RX REE K, FEFEARNENMRZ—IRE

Hawaii has faced similar problems and worked with the USEPA
for the past 25 years to develop improved methods.

B BRI ImSRA ) 1F B 5 R B RE SR T 25 R BGER 75 1%

“Evolution takes place at the fringes of the environment, where the
stresses are greatest and the need for change most urgent.”
Carl Sagan (American scientist)

“HHIE R ETFFHIFFAFERIX L, BB ERA, REVFE
2. " Carl Sagan (EREB%ER)




Questions? &7

NOT Just Another Tool in the Tool Box...
MUXRTEAFRA—FLTE. ...

Discrete Sampling DU-MIS Investigation Methods
BHCERE RIEHTT - Z I ERE Tk

It’s an entirely NEW and IMPROVED set of tools.
XR—ENHNEH TEE.

Wrong Question: &% ] i) f .
“DU-MISTHEAT ARG ? 7
“When are DU-MIS methods applicable?”
Right Question: 1EA ] A B
“Knowing what we now know, when are discrete sampling methods still acceptable?”

“ETRAERNEMRE, BRI SEH ARRIKREM?” 76
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Gross
Cont‘ar‘rlltlatlon T —

PSSR/
Health

1@%

INDOOR AIR
s

Vapors
Intrusion

EINIR

Direct Exposure
JERE

SOIL
+ 3%

Leaching W

GROUNDWATER
iﬂﬂﬁk

Gross

Contamination N A A B
ISSEE S

SOIL GAS
e Al

Vapors
Intrusion

AINIR

Drinking Water
(toxicity)
K
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Presentation Notes
“Risk Assessment” reserved for evaluation of human health and ecological hazards.  Environmental Hazard Evaluation used as umbrella term for evaluation of all potential problems posed by contaminated soil or groundwater.


Initial Comparison to Single “Tier 1” ESLs
B EAS CHE— U R 1A L

Benzene (residential, surface soil, drinking water)
X (F=E, =L RAK)

Final Tier 1 ESLS g4 — 2 yorks ik
Soil +#: 0.30 mg/kg

Groundwater #Fx: 5.0 pug/L
Soil Vapors t#st: 720 ug/m®

 Lowest screening level selected as final “Tier 1 ESL;
SERERENHEEFANIREE—BRIMERFILE

« ESLs for 150+ chemicals presented in easy-to-use Excel lookup tables;
PAExcel 3R BT 37 (F Hh B2 #8150 2 P A2 i (0 PR35 i e

* No environmental concerns if screening levels not exceeded,;
R AR TR, U TEERE ]

 Further site-specific evaluation of individual, potential concerns required;
e HARIZ T R AN L TEALE IR R VA

 Traditional, site-specific risk assessment allowed but rarely needed.
aHTEANERDI XKD - BRORE




Comparison to USEPA Regional Screening Levels

53R EMMRE X B E R

Considers default bioavailability for dioxins;

EER T ZRIEBONR AT A A EE s

Bioaccessibility test data considered for arsenic in soil;

%58 7 LRE A YA R AR
Considers natural concentration of background dioxins and metals in soils
(Hawaii data);

ERTIREEENERHNERERRE (RRELE) ;

Anthropogenic background for lead and PAHs considered,;

ZRTHMEBIHF RN NE 7
Alternative target cancer risk used for: X+ T 5)i5 318 H T B4 B 5808 XS -

 Arsenic, dioxins, PAHs, organochlorine pesticides, carcinogenic
polyaromatic hydrocarbons, PCBs, . %%, ZHF R . FHIERE. &
BEHFTR. SEPE
Final screening level based on noncancer risk (protects children) for many
common chemicals Arsenic, dioxins, PCBs, BaP, etc.; X T4% % W43 510,
B SRR, SEBRE, RARGEETIEBURNR (RIPJLE)
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HDOH EALS versus USEPA RSLs

Environment HDOH 1USEPA

Hazard EALs RSLs

Direct Exposure X X
6 Vapor Intrusion X -
(Vs i

Leaching X -

Gross

Contamination

DW Toxicity X X
; Vapor Intrusion X -
(® | Aquatic Habitats X -
Gross X )

Contamination

1. Additional screening levels or risk assessment required
to address other potential environmental concerns.
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Example Chemical-Specific Target Risks

Chemical Target Risk | Rationale
ECR=10° Conservative consideration of
*
Default (most VOCs) HQ=0.2 cumulative risk
Ethylbenzene, Naphthalene, ECR = 10" Higher confidence in noncancer
Heptachlor, Heptachlor Epoxide |HQ=0.2 toxicity factors
PAHS ECR=107 Anthropogenic background, (BaP
HQ=0.2 ECR = 5x10~, focus on nc)
ECR =10 Focus on noncancer hazard,
Chlordane, PCBs HQ=1.0 primary risk driver
Aldrin. Dieldrin ECR = 10* Focus on noncancer hazard, co-
’ ’ HQ =0.5 occur, primary risk drivers
. . ECR =104 Focus on nc hazard, primary risk
Arsenic, TEQ Dioxins, Crvl HQ=1.0 drivers, nat background
TPH HQ=1.0 Primary noncancer risk driver
separate | Reduced target blood level,
Lead .
model anthropogenic background.

*Tapwater default ECR = 10°° HQ = 1.0 (see Appendix 1 for variances).




Summary &%

Discrete sampling methods can identify the core of heavy contamination (e.g., any small
mass of soil exceeds screening level);

BRCKAE AT PURBIE BB R OX (0, AEf/NRER 3R A misE)
“False negatives” and premature termination of initial investigation unavoidable in outer
areas (small masses both above and below screening level);

FESNE AT G A B “ IRt ” M 725 0 R e 451k (EfRIRE BT

Confusion over artificial “hot spots” common;

1R B X" IR

Representativeness of discrete sample data set for use in risk assessment not directly
testable;

FT RS PG B B B A B R R R AR TR E R

Deletion of “outliers” in risk assessments distorts estimation of mean;

MR R PG P 2R SREFHERGRRE;

Use of discrete sampling methods highly inefficient at best and highly misleading at

worst.

KHABBCRET %, ERFRIELFRRTHMET, ERFREL T2 ERAEERIRT.
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