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Lead Contaminated Soil

Sources Contaminated Soil:

« Flaking lead paint on exterior structures
(Lead paint regulated 1978)
Factory pollution, incinerators, mining
. Tetraethyl lead in gasoline (Requlated 1975)
| ead arsenate insecticide (Regulated 1988)
Naturally occurring lead in soil
L ead in plumbing regulated 1986




Lead Concentrations
Contaminated Soil

Wide Variations:

- Natural levels lead in surface soils are 15 to 40 ppm
- Contaminated soils are over 100 ppm

- Soil adjacent to structures with exterior lead-based
paints can exceed 10,000 ppm (EPA)

- Soil with 1,000 ppm Lead are legally hazardous
- Lower levels set by some states




Health Effects of Lead —
Children

- Childhood lead poisoning is major environmental
health problem

. Children with high levels lead suffer from:
- Damage to brain & nervous system
- Behavior & learning problems, hyperactivity
- Slowed growth
- Hearing problems
- Headaches




Health Effects of Lead —
Adults

-Adults suffer from:
Reproductive problems
High blood pressure & hypertension

Nerve disorders
Memory & concentration problems

Muscle & joint pain
Violent Actions
-Good News: Average blood Lead levels in America have

declined during the last 30 years




Lab Testing for Lead in Soll

 Requires expensive analytical equipment, I.e.,
AA, AES, ICP Spectroscopy, voltametry, etc.,

 Trained technical operator

 Reliable but costly

* Inconvenient — sampling, transport, delays

* Requires sample digestion - dry or wet ashing
decomposition method

e Dry ashing requires high temperature
 Wet digestion methods are common




Onsite Testing for Lead In Solls

Previous Field Tests:

e Inexpensive
e Fast
 Rarely recommended because:
Reliability of results in question
Lacking sensitivity
Yes/No answer, or semi-guantitative results
Use hazardous reagents
Complicated procedures
Interferences




Chemistry of Lead

e Oxidation states 0, +2, & +4
« Pb +2 Organic & inorganic salt compounds
 Inorganic salts slightly soluble in water
— at or less 0.1 gram per Liter
e Below pH 6, Pb?* major ion
« At higher pH values polymeric hydroxocomplexes
predominate




Pb2* Species Distribution
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Fig. 1. Species distribution of lead in an aqueous Pb(ll) solution C, .. 0.04 M.
by Olin A. Svensk Kim Tidskr., 73:482(1961).




L EADQuick™ Test Kit

Ten minute test for lead soll uses four reagents

Requires Hach® LeadTrak Pocket Colorimeter |l
Convenient, easy onsite procedure

Uses methodology developed for lead in water &
lead In paint tests

Affordable ($3 per test)

Small sample (0.14 gm)

Sensitive

Extraction & sample
preparation modified to
minimize interfering ions




Collect Soil Sample:

Soil Sampling

Weigh 0.14 gm soil sample

If balance unavailable, collect

soll sample using 0.1 ml scoop

(~0.14 gm weight, found weight soil samples to
vary from 0.13 t0 0.17 gm, 7% below to 18%
above target weight)

Add to 50 ml plastic graduated
conical tube



Soll Extraction

Add 20 drops (0.8 ml) Pb-1-P
reagent (14% HNO;, 7% KNO,)
to soil sample

Swirl sample briefly to mix
Wait 5 minutes for lead to extract



Soill Dilution

e Adjust volume to 50 ml with lead-
free water

o Cap tube, wait 1 minute as
suspended soll settles

o “Soll Extracted Solution” (SES)
solution prepared for testing




Step 1 - Test Procedure

e Transfer 200 pl Soil Extraction
Solution (SES) to 10 ml glass
sample cell



Step 2 - Test Procedure

e Add 15 drops Pb-2 buffer
reagent. This adjusts the
pH between 9 and 10.

[(7% 2-amino-2-Methyl-1,3-
Propanediol

(AMP),15%
Tris(hydroxymethyl)
-aminomethane (TRIS)]

 Add lead-free water to glass
sample cell to 10 ml line




Step 3 - Test Procedure

e Clean and dry cell and place into the Hach®
Colorimeter Il (LeadTrak or 476 nm)

e Turn meter on &
select Absorbance
Mode



Step 4 - Test Procedure

e Dip eXact® Strip Pb-3
for 20 seconds with
gentle back & forth
motion. This releases
TMPYP indicator and
mixes sample.

meso-Tetra(N-methyl-4-pyridylporphine tetratosylate salt
(TMPYP)




Step 5 - Test Procedure

e Wait one minute while TMPYP indicator fully reacts
with lead

e Then zero meter
INn “abs” mode




Step 6 - Test Procedure

e Dip eXact® Strip Pb-4 (EDTA) into cell sample for 20
seconds with gentle motion

« EDTA destroys
colorimetric

TMPYP-lead
complex




Step 7 - Test Procedure

 Wait one minute

 Press read key & record “abs” value

A negative value indicates lead is present

A higher negative
value indicates higher
lead concentration

Determine lead
concentration
from “abs” chart or graph




“ABS” Chart
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abs. versus Lead (pg/L)
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Spiked Recovery Test Method

(Standard Additions Method)

e Add known amount Lead standard solution to 10 mL
sample cell

e Standard Solution amount should be above three
times the minimum detectable limit of the test (10
ppb). We used 100 ppb.

e This is “spiked sample”




Spiked Recovery Test Method

(Standard Additions Method)

o Test spiked & un-spiked (original) sample using same
reagents, instrument & test methods

o “Spiked sample” should show increase equal to
amount of standard added

« Value obtained is the % recovery & ideally 100%




Spiked Recovery Test Method

(Standard Additions Method)

* Results acceptable if recovery is
+/- 20%

e If recovery is below or above this range, interferences
may be present

e Use less than 200 pL sample for testing SES to
determine if interferences can be eliminated. Dilution
IS limited by detection limit of test Kit.




Spiked Recovery Test Method

(Standard Additions Method)
Percent recovery formula is as follows:

% Recovery = 100(Cs-Cu)
K

Where:

Cs = concentration found testing spiked sample
Cu = concentration found testing un-spiked sample

(NOTE: result should be adjusted for dilution of spike
volume if volume change is more then 5%)

K = concentration of spike added to sample




Table 1 - Tested Certified Soil Reference Standards

Concentrations of lons in Reference Soil Samples (mg/kyg)
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Table 2 Testlng Results in Soil Reference Materials

SES (ul) +
spiked Lead
as ppb, (ppb)

for Sp
5+100

Reference
value
Lead

(mg/kg)
144742

Calculated
Lead found
(mg/kg)

SES
Volume

(S), ul

246340
175150
High
High
762.7
734.5
875.7
919.1
926.6

100+100

100+100
200+80
500+80
750+80
1000+80
100+100
200+100
500+100
1000+80
200+100
500+100
1000+100
1500+100
2000+100
200+100
500+100
750+100
1000+100
100+100
200+100
300+100
500+100
OD= Optical Density

200
500
750
1000

SES= Soil Extracted Solution

Spiked %
Lead recovery
recovered
(ne/h

BDL Below Deteutlon Level-




Calculations Used for Determining Lead Levels

* Use the ABS value in the conversion chart to determine the
co”ncentratlon of the lead (as pg/L). This value is converted to mg/kg as
follows:

a) Conversion factor: Multiply the ug/L value by 0.01 and this converts
Hg/L of Lead to pg of Lead).

b) SES dilution factor: Divide SES volume with the volume of SES used
]Eor an)alysis (For example: 50 mi/0.2 ml [200 pul] equals 250 dilution
actor).

c) Soil dilution factor: Divide 1 kg (1000 g) with the weight of the soil
sample (For example: 1000/0.14 equals 7,143 soil dilution factor).

« Multiply ‘@’ x ‘b’ x ‘c’ to get the Lead concentration in mg/kg.
(0.01 x 250 x 7,143 = 17,858)

Note: If no Lead is found at 200 ul then larger samples of SES are
used (such as 2,000 pl for lower detection). If the Lead level is very
high, then the sample is retested using a sample of 100 pul or less. The
appropriate SES dilution factor is used for the above calculation.




Soil 52 testing (200uL)

Table 3 - Interfering lons for Lead Detection

Drnking water testing

Interference
level (melke)

Type of
Interference

Interference
level (mg/L)

Type of
Interference
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Figure 1: Certified Versus Our Reported Lead Concentration
using 200 pl of SES (Soil Extracted Solution)
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Conclusion

Using 200 pl SES, we can detect 132 mg/kg
lead with average 83% recovery

Using 500 & 2000 ul of SES, we can detect 60
& 7 mg/kg of lead, respectively

LeadQuick™ test kit can determine lead soil
concentrations onsite, with minimal
Interference & well below USEPA levels (400
mg/kg)

Multiple sample testing confirmed good
precision
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