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Soll Sampling



7 Sampling Plan
« Sampling purpose

« Sampling site preliminary investigation

« Sampling team and member’s responsibility

« Sampling design

« Sampling tools/equipments

« Sampling implementation (sample field screening/test)

« Sample preservation and transportation

« Sampling QA/QC

« Sampling safety protection



3

Sampling Purpose

3

To support a decision about whether contamination levels
exceed a threshold of unacceptable risk,

To determine whether certain characteristics of two
populations differ by some amount,

To estimate the mean characteristics of a population or the
proportion of a population that has certain characteristics of
Interest,

To identify the location of “hot spots™ (areas having high levels
of contamination) or plume delineation,

To characterize the nature and extent of contamination at a
site, or to monitor trends in environmental conditions or
Indicators of health.




- Sampling Site
GG Preliminary Investigation

* Build sampling site conceptual model
« Set up target analysts
« Sampling site hazard evaluation



Sampling Site Conceptual Model
9,

* A conceptual model describes the expected source of
the contaminant and the size and breadth of the area of
concern, identifies the relevant environmental media and
the relevant fate and transport pathways, and defines the
potential exposure pathways.

« The model should also identify potential sources of
variability in the data (for example, inherent variability
among sampling units in the population and variability
associated with selecting and analyzing samples).



Sampling Site Conceptual Model
9, (continued)
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% Target Analysts
* Organic chemicals: Volatile Organic
Chemicals (VOC), Semi-VOC, Non-VOC

* Inorganic chemicals: heavy metals and
other inorganic compounds



Sampling site hazard evaluation
9,

« Radioactivity hazard
* CO, O,, H,S, flammable gases, VOCs
» Specific toxic gas




@ Portable Radiation Dosimeter

* Purpose:

— To detect radiation dose of personal
exposure and regional contacts.

e Calibration:

— In cpm, cps, mR/hr, or ySv/hr
(switchable).

« The background radiation dose in
Taiwan is about 2 mSv/yr. |

* The normal background radiation
dose is 0.2 ySv/hr (warning value).




Portable Five-Gases Detector

Do

 Purpose:
— To detect hazardous gas

 Detectable gases:
- CO, O,, H,S, combustible gases, and VOCs.

« Advantages:
— Easy to carry and operate.
— Getting readings quickly.
— Detectors are replaceable for specific gases.

 Disadvantages:
— Not suitable for unknown species.
— Interferences may exist.
— Consumable replacing required.
— Detection limits are high (ppms)




Gas Detector Tube
% o

 Purpose:
— To detect hazardous gas

« Application:
— Specific gas at certain concentration range.

 Advantages:
— Low costs
— Easy to carry and operate
— Getting readings quickly.

 Disadvantages:
— Short retention period (< 6 month).

— Unavailable while gas conc. is not in the
detectable range (on-site monitoring).




Sampling Team and Member’s
@@ Responsibility
 Team leader
e Samplers

« Safety and health
manager




Sampling Design
M, PliNng 9

 The target population is the set of all
units that comprise the items of interest In
a scientific study, that is, the population
about which the decision maker wants to
be able to draw conclusions.

 The sampled population is that part of
the target population that is accessible and
available for sampling.



Sampling Design:
@@ Sample representativeness

* Representativeness may be considered as the measure
of the degree to which data accurately and precisely
represent a characteristic of a population, parameter
variations at a sampling point, a process condition, or an
environmental condition.

 If a sampling design results in the collection of non-
representative data, even the highest quality laboratory
analysis cannot compensate for the lack of
representative data.

« The selection of the appropriate sampling design is
necessary in order to have data that are representative
of the problem being investigated.



 Sampling Design (continued)
Ds

 The sampling design specifies the
number, type, and location (spatial and/or
temporal) of sampling units to be selected
for measurement.



Sampling Design (continued)

Ds

« Judgmental Sampling

* Simple Random Sampling
 Stratified Sampling

« Systematic and Grid Sampling
» Adaptive Cluster Sampling

« Composite Sampling



Judgmental Sampling

Ds

* In judgmental sampling, the selection of
sampling units (i.e., the number and
location and/or timing of collecting
samples) is based on knowledge of the
feature or condition under investigation
and on professional judgment.



Judgmental Sampling (continued)
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Simple Random Sampling

9

* In simple random sampling, particular
sampling units (for example, locations
and/or times) are selected using random
numbers, and all possible selections of a
given number of units are equally likely.



Simple Random Sampling
@@ (continued)
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Stratified Sampling
9,

* |n stratified sampling, the target population is
separated into non-overlapping strata, or
subpopulations that are known or thought to be
more homogeneous (relative to the
environmental medium or the contaminant), so
that there tends to be less variation among
sampling units in the same stratum than among
sampling units in different strata.

« Strata may be chosen on the basis of spatial or
temporal proximity of the units, or on the basis of
preexisting information or professmnal judgment
about the site or process.



Stratified Sam pllng (continued)
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Systematic and Grid Sampling
9,

* In systematic and grid sampling, samples
are taken at regularly spaced intervals
over space or time. An Initial location or
time is chosen at random, and then the
remaining sampling locations are defined
so that all locations are at regular intervals
over an area (grid) or time (systematic).



Systematic and Grid Sampling
@@ (continued)
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Adaptive Cluster Sampling
9,

 In adaptive cluster sampling, n samples are taken using
simple random sampling, and additional samples are
taken at locations where measurements exceed some
threshold value. Several additional rounds of sampling
and analysis may be needed.

« Adaptive cluster sampling tracks the selection
probabilities for later phases of sampling so that an
unbiased estimate of the population mean can be
calculated despite oversampling of certain areas. An
example application of adaptive cluster sampling is
delineating the borders of a plume of contamination.




Adaptive Cluster Sampling
@G (continued)




Composite Sampling
-

* In composite sampling, volumes of material from several
of the selected sampling units are physically combined
and mixed in an effort to form a single homogeneous
sample, which is then analyzed.

« Compositing can be very cost effective because it
reduces the number of chemical analyses needed. It is
most cost effective when analysis costs are large relative
to sampling costs; it demands, however, that there are
no safety hazards or potential biases (for example, loss
of volatile organic components) associated with the
compositing process.




Composite Sampling (continued)
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Choosing the Appropriate Sampling

Design for Your Problem

If you are...

and you have...

consider using...

in order to...

performing a
screening phase of

a limited budget

assess whether further
investigation is warranted

an investigation of a | and/or a limited Jsugr%rr;ienntal that should include a

relatively small- schedule piing statistical probabilistic

scale problem sampling design.

developing an

understanding of %nr ?r?eeﬂld?'ggebrugfget systematic acquire coverage of the

when contamination | ded sampling time periods of interest.

is present samples neede

developing an :

understanding of an adequate budget acquire coverage of the

where for the number of grid sampling area of confidence that you
would have detected a hot

contamination is
present

samples needed

spot of a given size.

estimating a
population mean

an adequate budget

budget constraints
and analytical costs
that are high
compared to sampling

COSts

systematic or grid
sampling

composite
sampling

also produce information
on spatial or temporal
patterns.

produce an equally precise
or a more precise estimate
of the mean with fewer
analyses and lower cost.




Choosing the Appropriate Sampling
®3Design for Your Problem (continued)

If you are... and you have... consider using... in order to...
increase the
L precision of the
egﬂmgﬂr&% a spatial or temporal 3 _ estimate with the
Pnepan or information on stratified sampling | same number
roportion contaminant patterns same precision
prop with fewer samples
and lower cost.
;:Iheélneatlng simultaneously use
: : - adaptive cluster all observations in
ggu;rcelgnoefs of | a field screening method sampling estimating the

contamination

mean




Sampling tools/equments and
Sampling implementation



Soil Sampling Equipments :
Auger Sampler
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(Soil Survey Staff, 1993) (Brady, N.C, and Weil, RR., 1999)




Soil Sampling Equipments :
9, Split-Spoon Sampler




Soil Sampling Equipments :
9, Thin-walled Sampler




Soil Sampling Equipment :
Dual Tube Sampler

Advance to bottom of hole.

1” Drive Rod

G \ Sample Liner
Solid Drive Point
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A. First soil core retreived with Macro-Core
sampler.

B. DT21 outer casing (with solid drive point)
advanced to bottom of previously cored hole,

C. Sample liner, drive head, and inner rod
placed inside casing. Outer casing section,
drive bumper, and drive cap added to
tool string.

D. Tool string driven to collect soil core.

E. Inner rod and liner (with soil core) retreived
with help of DT21 Rod Clamp Assembly.
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Soil Sampling :
Direct Push Technology; DPT




Sample Field Screening/test
9,

Peroxide - starch iodide paper

« Acidity - pH test strips

« VOC-PID~FID

« Haloids - copper wire

« Cyanide - detector tube

« Sulfide - lead acetate paper

« Heavy metals - portable XRF
Spectrometer



Sample Field Screening/test
@@ (continued)

Portable GC-MS

Portable XRF

XRF Analysis

« By counting the
number of B Y C ey

characteristic x-ray riiation

we can determine

the concentration o

each element



‘ Sample Pretreatment
Ds

* Massive solid samples can be broken into
smaller pieces and then put into containers.

« Samples should not be pretreated for VOCs
analyses.




, Sample Preservation
Ds
 Stored at 4°C

— VOC, SVOC

— As & Hg in solid
samples

e Stored at room
temperature

— Other heavy metals




7 Quality Control of Sampling

* Field Blank
« Transportation Blank
« Equipment Blank

Field Blank




Sample Quality Control
Ds

1. Labels:

— To prevent confusing
mistake

2. Strip seal:

— To ensure that the
materials inside are
original samples




7 Sample Quality Control (continued)
\Q \@
3. Sampling records:

 The samplers, sampling purpose, sampling
positions, date, time, sample types and
preservative duration must be recorded

4. Chalin of custody:

 The information should be filled on the form
Immediately after sampling

 The sampler’s signature, serial number,
Pollutant type, probable sources, N
ransporter, recipient, date, time, position
and preservation condition must be included



Sample Quality Control (continued)
9,
5. Transportation:

 The chain of custody should be confirmed
and then the samples should be sent to the
lab ASAP

6. Recelpt and enroliment:

« The seal trip, chain of custody and the
sample status must be re-confirmed

« Advanced preservation treatment (e.g.
refrigeration) should be carried out after the
enroliment



Sample Quality Control:
Chain of Custody

Ds

e Sampling project title
— Sampling date & time

— Sample No., volume, matrix, the preservation
agent added, & analytical items being
performed

— Sampling organization & team members
— Sampling methods

— Analyzing organization / lab.

— Transportation method of samples

— Recelving unit and recipient



Asbestos Bulk Samples

P IN C H IN Chain of Custody Form

ENVIRONMENTAL EPA/600/R-93/116
DATE SUBMITTED: SUBMIT TC:
[0 Mississauga Lab - Pinchin Environmental Ltd. [0 Ottawa Lab - Pinchin Environmental Ltd.
2470 Milliower Court, 555 Legget Dr., Tower A, Suite 1001
Mississauga, ON LSN 7W3 Kanata, ON K2K 2X3
Aftn: Karen Slayer Attn: Kendra Bertuzzi
Tel: 905.363.1385% Fax: 905.363.0681 Tel: 613.592.3387 Fax: 613.592.5897
PROJECT NAME RESULTS TO
Project #: Building #: Copy To:
Tel Email
Number of Samples Date Required Check Prioiity: ] Rush  [JReg.
Invoice Required: []Yes []Ne
P.O.# Submitted By:
SAMPLE# MATERIAL/SYSTEMILOCATION RESULT

Example form of chain of custody

Authorized by: Date:

Customer Signature MUST Accompany Request. Customer accepts Pinchin Environmental Standard Terms and Conditions for Laberatory Servicss (see overinest page)

TO BE COMPLETED BY LAB PERSONNEL ONLY LABREF. #

Recerved By: Date:

Analyzed By: Date:




Safety and Health Management
for Sampling



Personal Safety Protection Level

9,

Level Situation Special Equipment
Level A Vapor/gas protection Self-contained breathing apparatus (SCBA)
O, conc. < 19% Totally encapsulating chemical protective suits
Level B Liquid splash protection Self-contained breathing apparatus (SCBA)
O, conc. < 19% Non-gas-tight chemical protective suits
Level C  Particle/liquid splash Air purifying respirators (canister)
protection Non-gas-tight chemical protective suits
Level D  General situation Active carbon mask
Level A Level B Level C

]
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_ Level D Safety Protection

Ds
* Coveralls

« Cotton gloves

« Safety boots

« Goggles
« Safety helmet

Wear when

— The conc. of hazardous materials are
below the maximum exposure limits

— Inhalation of toxic materials will not
occur

— The environment O, Conc. > 19.5%




Level C Safety Protection

Do

o Full/half filter masks
* AIr filter canisters
« Anti-chemical gloves/boots

Wear when

The canister is available for removing known hazardous gases
from the air

In open space
The environment O, Conc. > 19.5%
Non serious hazard occurs even with dermal exposure

The hazardous material conc. is below the level that is
Immediately dangerous to life or health (IDLH)




GLevel C Safety Protection (continued)

Full face masks

Anti-chemical
gloves/boots

Single filter Twin filter
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Analysis of Soil Pollutants



Heavy Metal Analysis

Do

* Digestion vs. Extraction: Total content vs.
Avallability

« AA: Flame AA, Hydride generator AA (As),
Cold vapor AA (HQg)

« Graphite-furnace AA
* ICP
* |ICP-MS




Heavy Metal Analyses (continued)

D5

. Species vs. Total content
* Cr(VI), Cr(lll)
« As(V), As(lll), MMA, DMA (HPLC-ICP-MS)

I ? |°
HO — As— OH HO — As — OH HO — As — OH CH; — As — OH
I I I I
OH OH CH, CH,
Arsenate Arsenite Monomethylarsonic acid Dimethylarsinic acid
(MMA) (DMA)



Organic Chemical Analysis
Ds

* Extraction methods: Purge and Trap,
Head Space Equilibrium, Soxhlet
extraction, Ultrasonic extraction

« GC: GC/FID, GC/ECD, GC/MS



QA/QC for pollutant Analysis
. P ————

e Calibration verification

* Duplicate analyses
* Quality Check (QC) Sample Analysis

 CRM (Certified Reference Material) or
SRM (Standard Reference Material)

« Spiked-sample Analysis




Mapping of Soll Pollutants



Mapping of solil pollutants

9

* The spatial distribution of solil pollutants Is
essential for determining hazardous areas
needed for remediation.

* Kriging has been increasingly used to
estimate the spatial distribution of
pollutants in solls.



Geostatistics

o

 Geostatistics has been frequently used for
analyzing spatial variation of soil and mapping

soll properties.
Ny L\ AR
Gy
\\\. ) ) ) Applications of Geostatistics
L /// L \\;‘\\\{J/ to 2(x)

Spatial Variation Analyses




< Kriging

« Kriging Is a spatial interpolation with a desired
best linear unbiased estimate (BLUE).

 The kriging estimate is a form of weighted
average, in which the weights depend on the
configuration of sampling locations and on the
structure of spatial variation.



9, Kriging estimator

O z(Xg) o Z(X7)
Z(Xy) 5
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Spatial dependence

Do

* Semivariance
v(h) = % Var|[z(x+h) - z(X)]
* Variogram

ol
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Experimental variogram

Do

* Experimental semi-variance

Y ()= 5 3 [20+h)—206)F

A A
Y(h)




- Variogram models fitted
D,

*~Spherical model )= gCorCL (o) (3%l O<h=ao

Co+C, h> ao

. h
» Exponential model y(h)=gcclexpil O<h<ao
Co+C, h>ao

- (hy2 O<h<a
. : y(h)= o+C{l-exp[-(,)° 1} 0
Gaussian model Co+C. e a0

A

Y (h) .




9, Kriging system

: N
+ Linear _Zk iT(Xi’Xj) + = 7(Xq,Xj)

n
 Unbiased YA, =
i=

. Best Minimization of error variance



9,
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Soil Cu concentrations

.

0.6
Summary statistics
No. Mean Min. Med. Max. SD CV___ Skew.
- (mg/kg) (%)

177 4637 0.00 19.10 397.35 65.74 141.78 2.72

Relative frequency
=

0.0
0 60 120 180 240 300 360 420

Cu concentration (mg/kg)




Spatial dependence and variogram

s of Cu In soll
1(h) (mglkg)?
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2000 v(h)=1750+3386[1.5(h/552)-0.5(h/552)3]
: | | , , .

0 250 500 750 1000 1250 1500

_ h (m) |



Spatial distribution of Cu in soll

Ds

NORTH (m) Unit: mg kg
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. Spatial uncertainty
D,

* Indicator coding

I, 1f z(x) < z;,
0. otherwise

f(x:z) = l

* Indicator kriging

Flzi: X|[(m)] = I7(x7: z)

= iiff{xf: Zr)
i=1

=1 F[z,; X’|(n)]



Spatial uncertainty for Cu
s distribution In soill
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Ds.

Delineation risks
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_ Geostatistics Software Packages

T %EO-EAS : Geostatistical Environmental Assessment
Software (Englund and Sparks, 1988).

« GEOPACK : Geostatistical Software System (Yates and
Yates, 1990).

 GSLIB : Geostatistical Software Library and User’s Guide
(Deutsch and Journel, 1997).

 GeoR : A Package for Geostatistical Analysis (Ribeiro and
Diggle, 2001).

e GS+ : Geostatistics for the Environmental Sciences
(Roterbson, 2008).

« AUTO-IK : A 2D Indicator Kriging Program (Goovaerts,
2009).
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APOLL @ TECH

‘Q“\ e — (gl =)=l g QL . /== g P R L1 S e ul E =
S Pirobabiliity to fiind contaminatedselills

/A /

“* Probability of winning Talwan Lottery
1/(38*37*36*35*34*33/6*5*4*3*2*1)*8
=1/22,085,448

»» Probabillity of finding contaminated soll
(10*10*20)/10,000*10,000*2,000
=1/100,000,000

(unit: cm, area: 1 ha., depth: 20m)



APOLL @ TECH

s Soil pH: Solubility , Transformation

«*  Soil Structure: Movement
< Soil Water: Movement
% Soil Organic Matter: Absorption

NS POIFT @

» Soil Texture: Movement, Adsorption

2 Clay Mineral: Movement, Adsorption
2 Groundwater Flow Direction and Velocity: Movement(horizontal)

s Geology Layers: Movement(vertical)

» Pollution Behaviors: Distribution, Movement,

* Types of Pollutants: Distribution, Movement, Transformation

J
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oil Inves tj@.,a e

Baseline survey

Environmental Site Assessment, ESA

Monitoring survey

Remedial investigation and feasibility study, RI/FS
Delineation survey

Remedial action

Validation after soil remediation

19
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“» Self-Investigation

<*Find Pollution
/Prevention
‘»Target:

Most Probable
Contaminated
Area

) Investigation off Dififeremt lLllﬂlJ)@):Se:t\Siﬂ@lﬁ//%}/) [

Storage TanksA Q C)AA

A

D
Q ¢

Manufactured Ar

c
D

r

—
A
........ A
Wastewater

Treatment Plant
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“Environmental S ™ (,0O A
Ite Assessment

+*Whole Area

“*Potential
problem
area(Waste
Disposal Fields?)

A

AN\
AN

=
o =
Q

Wastewater

ed A Treatment Plant

_ =

Manufactu
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) Thvestilgation of Differenit Puiposes(S)/B)ar

<Remedial Investi ***™ () () , .r+—
gation(RI)- Invest

gty A A A A
igation of Conta % %
minated Area % % A A
. . . laa
QOQArea.S and Manufactured Area Wastewater
Am O u ntS Treatment Plant
“*Multiple Phases
Investigation
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«»» Industrial Plant

¢ Agricultural Land

»» Gas Station

»» Waste Dumping Site/Landfill

»» Large Oil/Chemical Storage site
“* Military facilities

% Others

]9



1) Background Information collection

2) Site Visit/Observation/Record

3) Investigation Arrangement/Plan

4) Conduct Investigation

5) Results Assessment/Evaluation/Simulation
6) Investigation Report

{5)
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Siite Visiity/Obseirvatio
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Site Observation Record

Onsite Test
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'
P

Agricultural Lan

1. Preliminary: 2. Phase 1 3. Phase 2

< Irrigation system as Unit < Grid sampling < Potential Contaminated
% 3.125 ha grid sampling < Total 150 Sample Sets Site Investigation

< Total 66 Samples < 34 Samples > PCS % Total 980 Sample Sets

s 320 Samples > PC

. 248y
*haNasE
- e
Yy
. ==
g ( 120000 uumy o

e

B i
S ImE b
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Remote Backup aind Processiiey, il

Mein Sysiems (Clovd Cempuiing)
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gl l=
{

Investigalti

*» 150 soil samples
»» Grid Sampling

s Sampling location near
Irrigation water input
point or center without water input point.

s Composite samples (5 samples), 0-15cm
depth

™
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« Soil Analysis
= 150 samples —
As, Cd, Cr, Cu, Hg, Ni,
Pb, Zn (total)
= 50 samples —
As, Cd, Cr, Hg, Pb, Zn
(available) ( 0.1 M HCI)

= 50 samples —
soll texture
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Phase I Soil

1

(of 150 SOI| samples)
% Major contaminant: Cu

s+ Minor contaminant: Zn

VS LHERIRR #i% BB
8 Al
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 As, Cd, Cr, Cu, Hg,
Ni, Pb, Zn
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sampllng area 173 ha., SO|I
contaminated area 55.8 ha.

*» Total soil samples:1,130, 354
samples>PCL, (31.3 %)

< Major contaminants: Cu (333 samples); ‘s
Cu+Zn (17 samples), Zn (2 samples); A
Cu+Zn+Cr (1 sample),

Cu+Cr (1 sample)

Investigate Monitor

1]

j o Mit NSRS
ARES
50

square square square
sample | measure | sample | measure | sample | measure
(ha.) (ha.) (ha.)

First 150 31.1 100
200
Second 980 142.3 320 49.7 150 215 - 300
I 500

Total 1,130 173.4 354 55.8 172 25.6

- 800
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"""" » Sediment Investigation in

irrigation systems ¢ e
< 60 samples _G:_

% Analytical items: 8 Heavy Metals

.’
B, Gt

AN 1

......




WA sadi
- Se

8Y8

ent I

T FTEDIE% 4o FTAEDIE%
MO3 | 4-12&4-13-2-038%5HF
MO04 | 4-128&4-13-2-016%5HF M34 4-11-1-061%5HE
M35 4-11-1-067%45HE
M37 4-11-1-017454E
MO8 | 4-12&4-13-1-055%57F M38 4-10-2-073%51HE
M09 | 4-1284-13-1-03245HF M39 4-11-1-069%5HE
M11 2-4-1-3-00645HE M41 4-11-1-01845HE
M12 2-4-1-2-018%45HF M42 4-8-1-050451E
M13 | 4-12&4-13-1-03345%
M44 4-10-1-096%5HE
M15 4-135 A TKEE M45 4-10-1-054%5HE
M16 2-4-1-2-00345F
M17 4-12&13-1-071454F M47 4-8-1-05045
M18 4-10-2-100%5HE M48 4-10-2-057451HE
M51 4-9-1-0764%5HE
M22 4-11-1-030%5HE
M53 4-9-1-063%5HE
M54 4-10-2-035%4HE
M25 4-11-1-034/N%5 M55 4-8-1-02845HE
M27 2-4-1-1-00245F M57 3750 K E KRS
M58 4-8-1-028%5HE
M59 4-8-1-04545HE
M30 4-10-2-064%51HE

sEmples > FoL, VE)or CERtEminEnts @)
sEmpies Gy > 9000 AE

semples @y GI0~A000 mAe

mvesiti

-

gation(2/2)

R
et K E RS
KFEBH

b AT 3
M EEKE Y
SR -1
i Ea

X FOHNNN No %




APOLL S TECH

36K

| ALEIJI‘I&E = E)JE’LEIJ 218 A2 NS B85S

UAV

(Unmanne

Other Investigations

24 hours Auto-monitoring Device

E1e3MAkEsE

A2 Monitoring results
ol
WEC
! tirj
114 0 000 1/11 1/13 0000 1715 ()

d Aerial Vehicle
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X Slte Hlstory

% Air Photos, Manufacturted
Records, Chemicals Used,
Registrations, Maps




Site Altitude 65m Site Altitude 68m Site Altitude 70m

History Photos Analysis
m \Waste Increase
m Population Increase 33




+» Surface Drainage

+»» Surface Waste Disposal / Broken
Pipelines

* Underground Storage
Tanks/Pipelines/Reaction Cells

% Transformers(PCB)

»_Chemical Tanks

+» Toxic Waste
% Soll
«» Groundwater
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EMA S oiil Sam

pling Methods:. Lusr:

< Probable Contaminated Area: Judgmental sampling

\/

L)

»» Contaminated Area Unknown: Grid Sampling

Probable Hi% (R) (B)
v
/.// .///% T"ontaminated ‘ P Pl A |
/// ® Area % E E :.: "0'0.3”'
B4 w Lt P! 1.553m
® wes Al | o1
T
%%ﬁlﬁ H :
" . | I
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Contaminated Areai O stsms i
\ o
A\ € wmnLER e
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“reduce” contaminated

Phase 2 In
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Phase 1 Investigation

27657

T
299730

9




APOLL@TECH

| . : e v . , : ! : ; - : . . - o i
737 33 7374088
@ \ * = 9000
SRR E4.876.0m B - K -
TSR E 165171102 -
rrlg/ kg 5000
mg/llggu
PO | - o
e % | 841ihEE
e A SRR .773.5
/ L | m)§z4 5~4.7m
0.0-.'. ﬂ ’r A \
O @ 0 iob., 200 400m 3o 2197~12881 mg/kg y
v 2 T 7265 N /
\ %?@c@a 736-1% 22606 116?18
i : mg/kg ;
k! g

= BEEL | 8alibEE
i | %

e
T

@
K1
mﬂl

0oJ




APOLL S TECH

Jjjfiﬂggsiﬁggg %gg;%ﬂ!iﬂﬂiﬂqgj!
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Pollutant : benzene - : Depth:5.5~5.6 m
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S Soil Sampling-

«+ Direct Push
«» Connect with MIP or CPT

Step 1 : Push in the outer tube with inner thin tube

Step 2 : Take out the first thin tube(soil sample)

Step 3 : Continuously push in the outer tube with
inner thin tube

Step 4 : Take out the second thin tube(soil sample)
Step 5 : Repeat above steps until last depth ?9
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lution Screenings. .

Po

MIP (Membrane Interphase Probe)
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Gri

S

s Scope of Work

\/
0‘0

= Period: 2005 (April-Oct.)
= Manufacture area: 40m grid
= Administration area: 100m grid
= 500 soil sample sets

(2-3 depths/each set),

940 samples total
Investigation Results
- Fig. 1: Benzene

- Fig. 2: Toluene
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- Fig. 3: Ethylbenzene
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It was found by nearby residents that groundwater
was contaminated in 2001

Responsible Parties conduct : 1)Tank and pipeline
leaking test ~ 2) Soil gas survey ~ 3) GPR survey -
4) EM survey ~ 5)Soil and groundwater sampling
and analysis in 2002.

The contaminants flow out (down gradient) at least
2,000 meter from gas station

2002 listed as pollution controlled site

| = o
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| [ |

oil Gas Survey:
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— Surface flow | Below surface i
- >

NW
Gas Station

- -
| (Below surface) ' B

|:> GW flow direction

GW Flow out = GW surface level
_ —pe- CoOntaminant transport direction
\/Surface Drainage (underground)
=== Contaminant transport direction
(aboveground)

\

GW Flow out

-

Soil Surface
SdMUSEONE Dg-Han
River l
ey
Sands/@ravels
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S Waste Investigation Area

=t — : ‘

- Roads and Fish Ponds ! HAE B L A
- 30 meter Grid sampling GBI | || mE-REEY

E& ?&4@ Eﬁ E E 7:',;

300

» 316 Samples Total _f >
- XRF screening | M o, e

- 91 samples for TCLP- N i,
Heavy Metals analysis A D A
- 2 samples for Dioxins | =~/ 4 } W00 o7, —950.99

analysis PR P 0 Y T \ | AmEEE
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gl (=

M Investigation Results m=.

Coast Embankment Areas
1 Set Hazardous Waste
pb : 59.2 mg/L /

0.6 ha Unused Fish Pond
Sets Hazardous Waste
b : 52.5 mg/L
d : 1.26 mg/L
loxins : 2.57 ng | -TEQ/g
s =&
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| Waste Investigation Areas
1 Set Hazardous Waste
cd : 1.99 mg/L

§ = = .4/ f A ‘A\\
. 2 Sets Hazardous Waste ‘ Old LivestockFarm
< pb :912mgl/L

LT » w3 Sets Hazardous Waste
s 2l = pb : 170 my/l

- cd 2.5 mg/L "': ed-: 3.2 mg/L
"Dioxins»4.43ngM=TEQ/g = joxins : 3. .
jOXiNS i g Qlg | : [_)_y_oxms 363 ng | -TEQIg :
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Proposed Clean-u
and Cost (Area A)

P Almou

- Hazardous Waste:
11,000 cu. meter

- Other Waste:
13,000 cu. meter

++ Estimated Cost
- 367,000,000. NT

SN |
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MRLad R E RN S

.........................................

- Hazardous Waste:
630 cu. meter

- Other Waste:
240 cu. meter

++ Estimated Cost
- 30,100,000. NT
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X/
0’0

Underground Pipeline
Hand digging
Don’t trust paper

X/
0’0

X/
0’0

K/
0’0

Airtight / closed room

*

* Wear protection
clothes / equipments
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e

*

Use Screening Tools (Methods)
Define Investigation Purpose
Potential Sources Survey
History and Data Collection

Choose Appropriate Sampling and
Analytical Methods

Multiple Phases investigation
Real Time in-Situ Supports
Health and Safety

Enough Cost and Time
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Sampling Design for
Contaminated Sites

A case study of Guandu Contaminated site

Dr. T. K. Chang

National Taiwan University
Department of Bioenvironmental Systems Engineering



Guandu Plain Soil Pollution Issue
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Facts about Arsenic

the National Control Standard: 60 mg As kg
(EPA, 2001)

Taiwan’s agricultural soils: 5.65 mg kg7,
average (Chang et al., 1999)

one of WHOQO’s 10 chemicals of major public
health concern

|ARC definite (Group 1) human carcinogen
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Public warned against using hot spring water for cook
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The Clyina Post

I

Officials and researchers yesterday urged people living in Beitou District of Taipei City or visiting
* the area not to use hot spring water to cook food because of the arsenic content in the water.

The China Post staff
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Guandu plain
Beitou District, Taipei City

About 842 ha, the only
rice production region in

Taipei city




[As] (mg kg™*) Area (ha)
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SAMPLING PLANS FOR SITE
CHARACTERISATION (Guandu case)

 Sampling pattern for preliminary investigations
1ha square grid XRF analysis
XRF (X-ray fluorescence)

* Sampling pattern for detailed investigations
If XRF As= 30mg/kg
go to lab analysis (aqua regia digestion)

If XRF As < 30mg/kg mixed 4 samples together
then go to lab analysis (composite sample)



Sampling pattern of Guandu Plain Project
stage one 1ha square grid (XRF method)
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Sampling sites for detailed investigations
stage two (XRF As = 30mg kg)
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Relationship between
XRF and LAB analysis

-~

4 )
LR (= 1) Bz 2 EIXRF IR AE] WO () B = 2 EHIXRF M RIAE
F?‘Pu(,rlg,/ kg) Lab (mg/kg)
500 600
100 . ./ 500 - v
0;/ 400 .’
0 :. y = 1.5369x - 12.057
y = 1.4943x - 10.788 - / R’ = 09611
2 _ *o/o
0 R” = 0.9681 /
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As concentration in soils

(mg/kg)
Surface soil Sub-surface soil
depths (0~15cm) (15~30cm)
values As concentration
(mg/kg)

Average 113.5 121
Median 77.7 799

D 101 108.5

Max 499 506

Min 6.6 6.37
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Guandu Plain Soil Pollution

why ?
Natural causes Anthropogenic
* Volcanic activity * Industrial discharge
* Mother rock * Waste dumping

weathering e pesticides

* Flooding sediments



Environmental Forensics:

Where As Came From? When & How




As amount estimation

As amount

total background added area

(ton) (ton) (ton) (ha)

Surface 25.5 2.9 22.6 103
Sub-

surf_alce 26.8 3.0 23.8 114
SO1

Sub-
fotal 52.3 5.9 46.4 ---
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Arsenic source identificat




Arsenic source identification
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Irrigation systems map in 1950’s
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Irrigation systems map in 2007/

A  Soil sampling site
B Water sampling site

Water Channel
Road

j Yide Irrigated Group
j Beitou Irrigated Group
j Galaobie Irrigated Group
~ Build-Up Area N

1:11,000

0 140 280 560 :
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Geothermal Valley hot spring




Mineral content in spring water

mineral spring water MDL
Fe 39.1 0.003
Mn 6.55 0.0005
Zn 2.48 0.0022
Al 36.5 0.0028
Cd 0.0821 0.0005
Cr 0.0214 0.0005
Pb 1.18 0.0008
As 4.40 0.001




Conclusion

Using of As-rich hot spring water from
Geothermal Valley as part of irrigation
water in the past 200 years.
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Groundwater quality monitoring

well
elements
Hg (0.02)
As (0.50) 0.0314 0.0299 0.0256 0.0066
Pb (0.50) ND <0.02 <0.02 <0.02
Cu (10) ND <0.01 <0.01 ND
Zn (50) 0.0207 0.0255 0.0989 0.0743
Cr (0.50) ND <0.01 ND ND
Ni (1.0) <0.01 <0.01 <0.01 <0.01
Cd (0.05) <0.002 ND <0.002 ND

( ) type Il groundwater control standard




Formation of Beudantite on river bed
PbFe,(SO,)(AsO,)(OH);

ol

L




Beudantite
PbFe,(SO,)(ASO,)(OH);

JCPDS

19-689
d 3.08 5.99 3.67 5.99 PbFey (AsD,) (S0y) (OH) ¢

1714 100 80 70 80 Lead Iron Arsemate Beudantite
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soil profile As content survey
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As and Pb conc. in soil profile
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lllustration of Guandu pollution issue
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Drainage culvert project 200702/
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AS conc. In SOl KR BRI

soil As conc. mg/'kg)

profiles
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As in rice plant
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Story of Guandu Plain Soil Pollution wu
Shunwen Journalism Award-winner
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National Farmland Pollution Survey

Stage 1

O During 1982-1986.

O Sampling unit 1600ha.

 Survey area cover 1.16 million ha.
O 0.1 N HCl extraction method.

. [ 6.83 - 14.83

B 14.83 - 32.51

B 32.51 - 93.09

I 93.09 - 172.91
71 ¥ 44 HE .shp

Dtm_67
" 0 - 437

~ 438-875
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| ] 3504 - 3941
[ | No Data




Soil Hevay Metal Class in Taiwan (1982-2000)

Class 5
Heavy metals | Class1 | Class 2 Class 3 Class 4
Monitoring Remediation
A topsoil<4 4-9 10-60 >60 >60
S
subsoil<4 4-15 16-60 >60 >60
Cd <0.05 0.05-0.39 | 0.40-10* >10 >10*
Cr <0.10 0.10-10 11-06 >16 >40
Cu <1 1-11 12-20 21-100 >100 >180
Hg <0.10 0.10-0.39 | 0.40-20* >20 >20*
Ni <2 2-10 11-100 >100 >200
Pb <1 16-120 16-120 >120 >200
Zn <1.5 1.5-10 11-25 26-80 >80 >300
1.The content of As and Hg were determined by aqua regia digestion, and Cd, Cr, Cu, Ni, Pb and Zn were by 0.1N HCI
extraction.

2. '* | indicates that the levels of Cd or Hg exceeds 1mg/kg in soil should conduct the monitoring and remediation works.
3. The farmland classified as the first or second classes of soil heavy metal contents are considered as non-polluted sites.
The soil heavy metal concentrations of the third class are defined as background values. The fourth and fifth classes

require intensive monitoring and remedial actions.




National Farmland Pollution Survey

stage 2

o000

During 1987-1990.

Survey area cover 0.3 million ha.
Sampling unit 100 ha.

0.1 N HCl extraction method.

0.05 million ha exceeded the
class 4 standard, and 790 ha
exceeded the class 5 standard.

L 1002 (17 ¥ () ).shp

0.03-8.8

" [ 8.8-20.07
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National Farmland Pollution Survey

Stage 3

o000

U

During 1992-1999.

Sampling unit 1 ha.

Survey area about 6,128 ha.
0.1 N HCl extraction method.

1,024 ha exceeding the fifth
class standard.

319 ha exceeding the fifth
class standard excluding Cu
and Zn.

%%/ W% + .shp

| 0-56.6

/" 5 56.6 - 200

B 200 - 498

B 498 - 1180

I 1180 - 1968
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Dtm_67

. | 0-437
. | 438-875
876 -1313
[ 1314-1751
1752 -2189
2190 - 2627
12628 -3065
| 3066 - 3503
| 3504 - 3941
| No Data




Farmland Soil Investigations

Environmental Protection Administration, R.O.C.

A (Taiwan EPA)
e — Content: As, Cd, Cr, Cu, Hg, Ni, Pb, Zn

,=~ — Scheme: Grid sampling; field-base (after 2001)
— Digestion: 0.1N HCI ; aqua regia (after 2001)

| 1987-1990 1992-1999  1992-2001 2002-2003

Farmland Soil Heavy
Metal Investigation
and Site Control

1600 ha
Project (per Plot)
43




THE USE OF COMPOSITE SAMPLING

Composites are satisfactory for inorganic
substances. e.g. heavy metals.

Volatile substances including Total Petroleum
Hydrocarbons are not suitable for composite
sampling.

Samples to be composited must be collected
from the same soil/fill horizon.

Soil with high clay content is not suitable for
composite sampling because of the difficulty
of mixing the sub-samples thoroughly.



THE USE OF COMPOSITE SAMPLING

Method of compositing
Sub-samples should be:
e equal in size

e evenly spaced

e composited laterally.

No more than 10 sub-samples should be
included in a composite sample.



Sampling Uncertainty Controlled Through
Increased Sampling Density

e Low data density e High data density
e Poorly-defined contamination e Well-defined contamination
e Uncertainty about clean area e Certainty about clean area



XRF

( X-ray fluorescence)

Primary
Mo X-Ray Radiation Ci
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Real-Time Measurement Technologies — Direct Sensing

Technology Matrices Data Provided
LIF/UVF methods (Lasers, UV Water, soil TPH, PAH, Coal Tar
lamp)
Geophysical tools — surface Soill, fill, bedrock Sources, pathways, macro-
EM, Resistivity, GPR , acoustic stratigraphy, and buried objects
XRF (screening and definitive) Soils, material surfaces | Metals
Membrane Interface Probe (PID, | Soil, water VOCs, hydrocarbons, and
FID, ECD, XSD) DNAPL
Neutron Gamma Monitors Solil, water, material Radiation

surfaces

Hydraulic conductivity profilers Soil, water Hydraulic conductivity, lithology
Geophysics — downhole (natural Soil, fill, bedrock Lithology, groundwater flow,
gamma ray, self potential, structure, permeabillity, porosity,
resistivity, induction, and water quality
porosity/density, and caliper)
CPT, high-resolution piezocone Soil, water Lithology, groundwater ﬂcp/_




@ EPA, Executive Yuan

Geographic Information System &
Handheld Devices Applicationg
Soil Contamination |

Speaker : Ying-Chieh Feng

®
OITE.:H Geographic Information Technology Co., LTD

APOLL@TECH APoLLO TECHNOLOGY co., LTD.



O About Gl Tech —

G lTeCh Is a professional company which is dedicated in environmental resource
consulting & GIS technology integration.

A o0 Air pollution management
\

A\-—‘ \w

- Surface water pollution management

Soil Pollution Management

Agricultural Environment

Groundwater Pollution Management

Marine pollution management

GITech is one of the few Microsoft Certified Partn®r that specializes in
environmental consulting & GIS integration
M"c'os Oﬂ OR ACLE. O e sri. G 00 Sle @lT;:H Geographic Information Technology Co., LTD
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Outline

ﬁ General Introduction \

Il. Introduction of Geographic Information System

[11. Introduction of Handheld Device System

V. Introduction of Soil Contamination
Investigation in Taiwan

V. Case Study Farmland Soil Contamination Management
System in Taiwan

(I. Conclusion J

3 OI ‘l';:H Geographic Information Technology Co., LTD
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GIS & Handheld Devices application in Soil Contamination Investigation

|. Introduction

L)
Gle Geographic Information Technology Co., LTD
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How shall we protect the soil — the ultimate receptor
of contamination ?

@ The soil is the ultimate receptor of all kinds of
contamination. It fundamentally impacts on our
living environment.

@ To safeguard soil quality, we need to keep
updated with soil contamination status.

- e S S S e S e e e B e B .y,

Take control of : Urgent need to
I contaminant distribution I

launch countrywide

v

Verify contaminant pathways

investigation of soil

contamination

v

Remediate soil contamination

Block contaminant from | \

getting into clean soil

L)
5 GITEH Geographic Information Technology Co., LTD
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The Challenge of Soil Contamination Investigation

. . )
@ Mobility
— Paper-based map, difficult to pin-point the location
\ — Multiple teams operations, easy to rework and overlap. )
/» Data Integration )
— Environmental data, geographic data, land registry
data and historical records etc.
— Data collected from the field is not easy to manage in
\_ the office
éa ) )
@ Real Time Control
— Data record is complicated in Fieldwork.
@ Management
— Experience inheriting such as map interpretation is
time consuming.
\____— It hard to integrate interdepartmental data . J

L)
6 GITEH Geographic Information Technology Co., LTD
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Integration of GIS and Handheld Devices into a
Powerful Tool for Soil Contamination Investigation

Resources
Data Integration

® |In response to the challenges of »atialization

soil contamination investigation;

the investigation efficiency can be

enhanced by the integrated
application of GIS & handheld
devices.

L)
GITEH Geographic Information Technology Co., LTD
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GIS & Handheld Devices application in Soil Contamination Investigation

1. Geographic Information System

L)
8 GITEH Geographic Information Technology Co., LTD
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What i1s GIS ?

Geographic Information System (GIS)

GIS is an interdisciplinary technology which progressed very fast in recent years. It covers
theories and techniques from multiple traditional science, including geography, cartography,
surveying, mathematics, information science and so on. For the application aspects, it covers even
wider fields, such as environment management, resources management, territorial management,
urban and regional management, traffic management, forest management, transportation
management, ecology conservation management, archaeological survey management ... etc. Any
issue which involved geographical factors or spatial data relationships, it can apply GIS to assist in
operation, where GIS is an important tool in decision support.

Monitoring Wells
m ipled 'Concentration
C-64 5894 220

caa 56134 20| ~ s g e
C13a 5694 120 Y W Y
CA7A 518194 550 ey LF 4

Industries

- & "
Facility |Address s £
Acme 3028 C o AT -
Fox 742 West Lake Si. » - -
TPC a0 Aspen Or
Population - Ve =
-

Femily Home [Occupants [Addresss

Biake 79 Circut St = e =
Hernandez 148 Plain St e

Joy 18 Welster S1.
Smith 4321 Tecumseh Or.

o [ fro e

@
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Introduction to the Common GIS Platform

® Google Platform o  @esri Platform
® Through the implementation of products @ The platform provides an integrated tool
such as Google Maps API, Google for application in geography statistics,
Earth Enterprise ... etc, the platform spatial analysis in the aspect of
provides an integrated map service. application to cloud application, web
pages, and warehouse management of
— map data.

i MESERERAREATS il

R ——
2 1 5 R R R A

p— s

At

@
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O, GIS Application - Spatial Relationship of the "=

Ditch flow Farming Sampling point Sampling point  Cadastral  contamination

direction patch (Mid-scale) (Water inlet) map controlled water inIet' of
hilcinecce irrigation ditch




O, GIS Application- e

Flow Routmg Algorithm for Tracmg Source of Contamination

fid)

\ Verify the relationship between
the source contamination and

, \ receptor by using flow routing

algorithm

.*\

~

Trace the suspected
source contamination:
a PCB factory

\\

ater contamination controlled business g Discharge outlet of water contamination controlled business

ontaminated Site (farmland)

ERIVI IV F CwIIIIVIVY Y WAy b A

lid Waste contamination controlled —*— Irrigation water quality monitoring station

c T ACE
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GIS & Handheld Devices application in Soil Contamination Investigation

I11. Handheld Device System

@
13 Gle Geographic Information Technology Co., LTD
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Current Development Status of Handheld Devices —

Categorized by Specification

Operating : Industrial .
Commercial Standard Military Standard

Shock-resistant, dust-proof,

water-proof Optional More stable, safe, and

Categorized by Common products in

OS the market ) durable specification
accessory available
Microsoft Msi ~ Viewsonic * htc - Unitech ~ iEi ~ Getac ° Unitech ~ iEi ~ Getac *
Win8 Nokia.. Moto * HP...etc Moto * HP...etc
Google htc ~ MOTO -~ MOTO -~ Unitech MOTO -~ Unitech
Android Samsung * SONY (Relatively fewer) (Very few)
Apple IPhone
I0S IPAD YA A

@
14 GITEH Geographic Information Technology Co., LTD
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15

Key Functions of Handheld Devices - Hardware

Basic : data processing and storage capability

Display : screen, touch panel (Sunlight Available)

Protection : dust-proof, water-proof, and shock- reS|stant

Communication : voice chat > GSM/WCDMA . ™
data transfer éGPRS/EDGE/WCDMA
->WiFi/Bluetooth :

Audio/Visual: CCD/MIC can take picture and malgg_.wdeo / Y
audlo recordlng ............................. PGGitﬁ@Mﬁng Wﬁth
» Access to : Bar code/RFID/Smart chipsetc. » key function to
satisty fieldwork
operation

Ol T..« Geographic Information Technology Co., LTD
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Features of Handheld Devices - Software Platform

Government agencies have successfully applied to a variety of
environmental audit/ inventory/ investigation/ routine check process

Handheld device

Application Features

- __ ¢ @ Integration of GIS, GPS, digital camera,
Smart Phones Portable Device  Tablet Computers electronic compass, and Wi-Fi communication

Management Center technology
(Ma'” System) E ® Integration of mobile device & automatic update
% - » system of cloud service in order to synchronize

data with stable, reliable transmission
W2 oM ®  Mobile GIS platform can perform with offline

operation capability

=u e ® Tailor-made output statement to incorporate
: '___‘ Mobile Devices government procedures
Cloud Computi Tk @  Applicable for all kinds of o platforms

Server
-

) . . [‘"’ﬂ‘mgb"e an3301> !..u;
Integration . Synchronization . Mobility

@
16 @le Geographic Information Technology Co., LTD
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O e Role of Handheld Devices System applied to sOil'
contamination Investigation

Site Survey Sugoort

Collect & store field data
Verify the mapping and spatial relationship

=
. »
» -
’ FITRE
%
- Yy |
A
w -

Pre-planned Environmental Data
Real time data query & map data download

@ @
® @

Electronic data transmission
Real time control of the progress
& execution outcome

)
®
)
®

_Mlimprovelefficiency,

: i - - JSimplifyAWOrKFIOW,
17 Rz )
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GIS & Handheld Devices application in Soil Contamination Investigation

V. Contaminated Soil Investigation in Tailwan

@
18 OI T..- Geographic Information Technology Co., LTD
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The Course of Farmland Soil Investigation

EPA :National contaminated farmland’
Taiwan Agri*ltu ral Research lnstitute (TARI) control'& investigation with heavy metal

undertook contMually soil investigation during 1992~2008 contamination potential assessment

Lgal EPB:

- — m—l
PA: EPA: Trace and identification of farmland contamination
- L >
undertook large, medium, small In 2000 Heavy metal contaminated soil investigation
scales of sample deployment plan and pollution control site of farmland

1983-1999 I 2000-2002 I 2003-2009 I 2010-2013
|

In 2000, “Soil & Groundwater Pollution

Remediation Act” issued Local EPB undertook Targeting contamination

continuously contaminated potential areas based on
In 2001, “Soil & Groundwater Remediation soi_l rem.e(_jiat_ion & irrigation system grouping
Fund Management Board” established and soil identification
contamination control and monitoring standards
announced
< > < >

Grid-based Investigation Systematic Investigation

L)
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G .
The Grid-based Investigation of Farmland Soil in
Talwan

Initially adopt grid methodology as the primary farmland soil investigation method .

@ 19831986

Onerall Statul

|74

g9 QJ

Mid-scale -S‘armlafliiing

aeX

e %(\6 Inyestigation ‘““\\‘a" P

=

0.3 million ha
exceeded the 4th Site Tnvesti bl
:} class standard Above Tevel 4 areas  ~t¢ Investigation

For level 4 and above areas

(50,000 ha), mid-scale
sampling investigation was
A\ level 5 ar
_ e 4 Me conducted by local EPB

20002001 Y R J
Detailed Tnvestigation A2 et ° J 1P}

1,024 ha of farmland T

exceeded the 5th class l}-)&;l—-)/‘)‘)

standard, and 319ha exceeded Mid\to Small seale

excluding Cu and Zn l Imyvestigation

Plot

If heavy metal contaminated
sites were detected for exceeding

h
319 Tnyestication . the 5t class standar(_j (over 950
A ex—c-;eded the s%il . of & | ha), they should be filed as
contamination control ‘Q\ot\“ - priority investigation areas &
standard: 138 ha exceeded the constantly monitored by local
20soil contaminati?n monitoring EPB o., LTD
standard
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Evolution of Contamination Potential Assessment

Methodology For Farmland

Contamination Potential Assessment

Grid-based Investigation

py lrrigation Ditch

M Based on Nemerow contamination index to cope
with irrigation ditch system and water flow direction
for the contamination potential assessment.

M Based on grid, to refine & filter out investigation to
identify the trend of contamination potential.

Irrigation ditch used as
an investigation unit
for screening |

Soil sampling points | Grid (1 ha) |

Systematic, and easy to identify
susceptible area and spatial
relationship

range & source A

.
[ Difficult to identify contaminated

21 GITE:H Geographic Information Technology Co., LTD



Orre. Contamination Potential Assessment S
Displayed on a GIS Platform

sampling sites grouping by ® Contaminati?B potjential ® Screentingtfolr high cqmar_ninlation
individual irrigation teams ~ assessment based on potential areas with single
irrigation ditch teams as units element of heavy metal

. R2mpsn
SRR
200
300
N 400
. 500

Y
o Yo

@
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GIS & Handheld Devices application in Soil Contamination Investigation

V. Case Study

Farmland Soil Contamination Management System in Taiwan

@
23 GITEH Geographic Information Technology Co., LTD
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Solutions to Farmland
Soil Contamination Management System

Utilize GIS to develop computer-aided decision support system for
farmland soil contamination Investigation & management

Mobile
System

B ——

Fimfr AR 2%

Cloud Computing

s Server

24
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The Course of Farmland Soil Contamination Management
System Development in Taiwan

_—

Lab Testing Decision
Data Support
Integration Model

o
/i tted/
perision

Interdepartment Shared Jointly
Data CIS (Main) Management System incl. Sustainable
Compllat|on Platform (Sub) Handheld Device System _

" oy qrANEN . nann o %

- kﬂl!ﬁ"!‘l
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@'Bhta Consolidation of Farmland Soil Contaminat
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= Microsoft Partner

ion

Management System in Talwan

Soil & Groundwater Remediation
Fund Mgmt Board,
Environmental Analysis
Laboratory (EAL)

1. contamination control sites of
farm lands

EPA soil investigation data
User privilege data chart

Soil testing data (EAL)

2.
3.
4.

Dept. of Water Quality Protection

1. Water registered business profile
2. Discharge point data
3. Industrial Zone Scope Map

@&

Land admin. authorities

Cadastral registration data,
cadastral maps

Local government
authorities

] " i '!_:mv,‘_' -
ﬁ Y =7

Soil investigation

authorities

Dept. of Environmental Monitoring
& Information Mgmt

Soil & groundwater protection
related map data (real time)
Electronic map (real time)
Taiwan aerial images (real time)

Taiwan Agricultural Research
Institute (TARI)

1.130k lots of surface soil &
110k lots of inner soil
investigation data

2. Soil geology distribution map

O,?. x

Provide Data

Dept. of Irrigation & Engineering,
COA

1. Team
2. Workstation
3. Irrigation ditch

Provide Data

LRl ]

. "'I'"ﬁ

Farmland Soillcontamination

I
Council of Agriculture (COA)

Irrigation water quality
monitoring counts & index
Farming patch map data of
paddy field

Management System

COA

Dept. of Irrigation &
Engineering, COA

26
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Platform Structure of Farmland Soll

contamination Management System

Systematically lguild up site
investigation data records
Return data rccu}‘ds to the main
syvstem for integration

Lab testing data integration
Overlay mapping of official
announcement

a ¢ Interdepartmental datajintegration

: .\ : -
Site Investigation & Sampling Support System Management @ EPA | Contamination source data
(Handheld Device)

Lab testing data analysis

) @ EAL
* Enhance site su|‘\-'ey\|n<cst|gatmn operation efficiency
* Normalize site survey investigation data Q/M/Ol

Cadastral maps

L)
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Microsoft Partner

Main System - Statistical Analysis & Query

* Special Features

EdRSiEs

B o
L EEERER
WA [Eiet] S EREn O ens  (ShEes]) OSiEEee

o Search for high heavy
metal contaminated
potential areas

o RERisn
FiteE Py g

BEEEANSHSRERA RS CEE (16002 W
EAET AT B £ L) W - i B

=

L
@
@
a
@
@
&

Contamination Index (Nemerow)
PN value assessment criteria

Hazard (Py > 3)

ARPTH

© EsESRERABNTE

= FaAAEER

= Om Of O Ok

PR B B Pollute (2 <Py = 9)
t8BIE —
{(mgkg™) Alert (1<Py = 2)

FHRERE @ fiEEanme (DLaHIEE

e Safc (0.7 <Py=1)

A EEIoEES
| Dapme O

‘ame oo SOIl investigation data

~ Examine historical

B g = ,____-4/
| EenE. OrudarORP
hissmoes aFEc-- @ curasglz
HRFET g
FEmERE - [T E

=3

SMETEEEAREC o0 e
-5 5 8 & SEEEE-@ - IERLE

Detail data set

o HEiWESEdas
BEVEAR

Superior ( Py = 0.7)
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. Home -

Statistical Analysis & Query

(IS Applications Survey Aid Remediation Mgmt System Mgmit.
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ITEGH' Microsoft Partner

Main System - GIS Spatial Application
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Statistical Analysis & Query Survey Aid Remediation Mgmt System Mgmit.
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Main System - Site Investigation & Sampling

Support

The system functions cooperate with workflow

Investigation : Official
: Field Data
Scope Field Survey : Announcement
e Collection :
Identification Operation

Sample Sampling
deployment Plan
planning Approval

Lab Testing
& Analysis

- =

m
Announcement
Planning
Management o i
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Function - Project Management

Project Region . Add/Delete/Change/Query
/ Phase program profile
Management

7 AR IR [

* Setup program

: investigation region &
Field Schedule . dule

| CEEISRRERE o au 2013E5A9H = R
* Categorize action 2 EOMULSRESES g . O . S
subjects (field survey or # é,rLi*u_Fa,ugim cHREE oty 2013%E 88 7H 0e EE R &
Survey Team sampling ... ete) . RURREERE oo . SO . e
Management s DLMUSBEERE oy . O . e
s ELBLSREERE o 21D b i, E—
r ELELUSREERS  geum ot J1EEATE i P —
8 FLET RN g ot Z01ETHIE 08 s @ ® &
7/21-810) ki 20125 7R3 z £
Account
M . EEASHERNE
anagement | _ FIEEHR SEESEES N AN R E R
P . (el e _ _
- s Sk bl : o __ﬁ_ﬁ__ o
Map Data : s T T
e |
Management i oL A
.

Based on investigation type to establish sampling
S A S
personnel team & mobile device group mapping.

——0—0—0—0
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Function — Planning Management

o Field Survey * Real time survey status
Planning — S—

= WEREE

FEER D EEsERSRERRCCEHNRRERIEM ] [ EEOHS L TR =
WEGR ! T [x] = aERM T =l

sgpezs 0 ==@m

zemezz 1,232 zeEm tizm=s 1,234  sum rimzez 99.84 -

9 Field Survey Team
Planning

* Verify data returned from the field survey operation
Real Time — =
© rrogress '
Control R N T o

iRERIARE. L1 SEEW
FEEL ORTRERAN (EnEe HEH R T

| B m =i x
a Field Survey R— e S i
Verification rorsm— e e
o o TRRBMLH Ereme
4 wERE py e
Transfer to r AL B
- [s
6 Sampling i e =
Process B
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Function — Sampling Management

* Real time access to field sampling information & personnel location

Sampl_i ng | ARRAEREREL ¥
Planning :

SR HREE e

Sampling Teams 7= &

Planning £

TR TARAE | T

l:i_mﬁ'ﬁ
Real Time o
Progress

| F =2EEEd%EE - Google Chrome
L] gtl gi-techicomtay FhmEYS /CA Ly 55 SampleCurey Detad sspa?Qey= 30562 7 7-0022-0500- A30E- 2300

HAERE  ARBRZLRE

Control i

SREH ;;.I\L‘\t =4 fRE

Sampling Plan
Approval

HERATER LEEE qeeterae pe

| e
HBIEE
EEEIGE 5
i
. LA 10
Fieldwork okoas marod
R
Execution EHARURFE 20120621 163841 AR 20130608 1850 48
BT AS adm WHALS o
gxhEIH
ABFEHR = TR R 5 7 - DS KD 1 AR
HAEIRRE Fra0an s R A0 15em
AR BHE LR
Report on

Sampling
Results

—@—O0—0—0—0—0-
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I Sample Analysis
0 Management

Data Query

Microsoft Partner
* Analysis progress statistics
wIHEE TR - WEER
$ ”rn:—:n;llif:é:;a;;;:ﬁémwmﬁnm:m"'l ;!
asmszzee 998 = 0 =
semawazn 1,230 &
* Provide blank form or online data entry to T
upload the analysis result for the (D= = iy o
__corresponding_sampling_site —— | ——
B ) AT = B AT D B R ﬁ:‘:m oL | el | e | RRL | s | B i
SR | dERD | W) L] (] L] 5 7] ™) : Bi__kHUE) RN EC Ic._

Data Upload

Sample
Analysis
Statement

3, EFEEEXcel £ F
LrgEE

s ERAH
HETHE ¢

= F— O —E Snoct (8 —E Lk  BREREFHRE SRS _EEER IR -
o LIHAEER dlsn (Ofice Excel 2007 L L+ #5 |

* Map the test data
and survey record,
and filter out the
sampling site
which exceeding
the criteria for
announcement
operation.

Eﬁ%ﬂ%%ﬁﬁﬂﬁ !
Eﬁﬁﬁ%%ﬁﬁmﬁ |

FiahEEN S

EEREE: N
e S Jql ] 7
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Microsoft Partner

Function — Announcement Operation Management

* Select region, filter out published
sampling site for those exceed the

Announcement
0 Operation

criteria

Management

Announcement
Statement
Output

Data Query for
Announcement
records

38
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* Generate the chor

* Open space frame, display the

location for those exceed the criteria

* Address query facilitate the search
for cadastral announcement
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GIS & Handheld Devices application in Soil Contamination Investigation

V1. Conclusion

@
39 GITEH Geographic Information Technology Co., LTD



O The Contribution of System Implementation S
to Farmland Soil Investigation

@ Easy assess to interdepartmental data
Enhance data integration efficiency

&

@ |dentify precise position with GPS & GIS

=
)

applications
@ Enhance field investigation navigation & @ Systematically collect field data out of
data transmission reliability \ ( l:‘farmlands
Mobility —~ gﬁx«) Data Integration
w W4

N~ Management

rReal 1ime

. "~ | & Enhance efficiency of follow-up administrative
@ Easy access to the latest investigation _l management procedure (from investigation kickoff
progress & data with synchronization to official announcement completion it would take 3
control months shorten to 1.5 months)
@ Enhance field investigation navigation & @ Ashared, united operation platform can conserve
data transmission reliability response time across government agencies.

40 I T..- Geographic Information Technology Co., LTD



Gh+E. 3
On-site Sampling of Farmland Soil with Handheld

Device System

@
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@ EPA, Executive Yuan

Thank You

®
OITEBH Geographic Information Technology Co., LTD

k +886-2-2778-8500 _~ services@gi-tech.com.tw
e  +886-2-2778-8511 @9 www.Gl-Tech.com.tw
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@ EPA, Executive Yuan

Geographic Information System &
Handheld Devices Applicationg
Soil Contamination |

System Demonstration

@ITf; Geographic Information Technology Co., LTD pwem
APOLL@TECH APOLLO TECHNOLOGY CO., LTD.
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Yearly soil investigation
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