LABORATORY WORK 2
”RISK ASSESSMENT FOR HUMAN HEALTH FROM CHEMICAL EXPOSURE”
Instructional lines

Objective:
- to learn computer program “Risk Assessment for Windows”
- to evaluate cancerogenic risk (R canc) u noncancerogenic risk ID (index of damage) for human
health from chemical exposure based on geochemical dates of soil pollution.
- to master main definitions and terms, used at risk assessment;
- to make inference about acceptability of risk for human health based on obtained data
pE3yIbTaTOB

The methods of human health risk assessment have been intensively developed
lately in some European countries, Great Britain, USA, and Russia. The modern
science testifies the absence of a threshold impact for a lot of chemical
contaminants. Risk is the likelihood that a harmful consequence will occur as a
result of an action. Human health risk assessment evaluates the probability of
health effects as a result of potentially hazardous behaviors.

Traditionally, such assessments have focused on the probability of increased
disease in human populations. The approach follows the four steps recommended
by the United States National Academy of Sciences:

1. Hazard identification;
2. Dose-response assessment;
3. Exposure assessment;
4. Risk characterisation.

According to Environmental Protection Agency USA Approach and
Guideline of the State Committee for Sanitary and Epidemiological Oversight
under the Russian Ministry of Public Health, one mathematical formula that
determines an individual cancerogeneous risk from chemical exposures is

Ring = 1 — exp (-SF x LADD)
Ring — individual cancerogeneous risk,
SF - Slope Factor, or Unit Risk, (mg/kg x day)™, reference date are used;
LADD =[Cx CR X ED x EF]/ [BW x AT x 365]
LADD - Living Average Daily Dose, mg/kg x day,
C — the average concentration of the chemical substances, affecting during the
exposure, mg/m>;
CR- Contact Rate, for inhalation affect — inspiratory rate, m*/day;
ED- Exposure Duration, years;
EF -Exposure Frequency, day/year;
BW — Body Weight, kg;
AT - Average Time, or average life expectancy, years
The noncancerogeneous risk, or Index Damage (HQ) is calculated by the equation
HQ = LADD/RfD
HQ - Index Damage
LADD - Living Average Daily Dose, mg/kg x day,
RfD — Referent (harmless) Dose, mg/kg x day, reference date are used.
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10t
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High

10%-10°

than 5

Unacceptable neither for the population,
nor for professionals. Other actions for risk
decrease
Carrying out of emergency improving and
other actions for risk decrease is necessary

Average

103-10*

Acceptable for professionals and
unacceptable for the population as a whole;
occurrence of such risk demands planned
Improving actions in the conditions of the
inhabited sites

10%-10°

Low

10°-10°

0,1-1

Demands of constant control

Corresponds to a zone of conditionally
(admissible) risk; at this level the majority of
hygienic standards recommended by the
international organizations for the population as
a whole is established

Minimum

Less than
10°

Less
than
0,1

Corresponds to one additional case of
serious disease or death per 1 million persons
suffered from the effect. Such risks are
perceived by people as negligibly small, do not
differ from usual, daily ones. Do not demand
for additional measures in their decrease, are
subject to only the periodic control

Software package “RISK ASSISTANT” is a commercial software to assess
health risk from toxic contamination at local sites, used for the risk evaluation for
health, caused by the chemical substances in drinking, surface, underground water,
soil and atmospheric air. It is necessary to determine the chemical substances
concentrations in water, soil and atmospheric air and know the impact conditions
for using RA. Conceptual models, ecological effects, and other factors are

incorporated into this software for the definition of assessments.
Description of the computer program “Risk Assessment for Windows”

Table 1
Risk*Assistant Risk*Assistant for Windows
Version 1.1 Subgroup Human Health Media | Surface
Water
Date 1995 Organization | The Hampshire Research Institute




Function

To assess exposure and risks to human health from toxic chemicals at
contaminated sites. User can quickly estimate risks to human health
from toxic chemicals in the environment at any site, using basic
information on local contamination.

Assumptions

The assumptions are similar to those expressed in EPA Risk
Assessment Guidance for Superfund and the Exposure Factors
Handbook (i.e., the assumptions are dependent on the user's level of
detail in the input parameters).

Capabilities

Software contains “canned" risk algorithms for a more rapid
calculation of human exposure and risk. The program is very flexible
as it allows the user to conduct either a rough "screening level” or an
in-depth risk assessment. The whole structure for a multimedia human
health risk assessment is straightforward and transparent. The software
package also contains "Stream* Model", a smaller computer program
that computes waste load dilution and exposure concentrations based
on the local stream hydrology and the industrial discharge rate.

Strengths

This is a fairly user-friendly model which allows a lot of flexibility
with regard to input at all stages of a risk assessment. "Quick*Risk"
allows a very fast screening analysis by forcing default values. The
internal databases are comprehensive and will allow updating through
online research (e.g., EPA's IRIS). The model covers all types of
media and every available human exposure pathway.

Weaknesses

Fairly steep learning curve for the uninitiated user. Model version (1.1)
has not been upgraded since 1995, although the website does contain
program updates that can be downloaded to correct some deficiencies
that were apparently requested from user feedback.

Applications

None specified in documentation.

Inputs

Some inputs for various types of parameters can be chosen from the
internal databases, some can be user-specified. Inputs are required for
different exposure scenarios that include outdoor air, swimming,
ingestion of food, water, soil, and dust. Need to supply concentrations
of various contaminants in different types of media.

Output

Excess lifetime cancer risk for carcinogens. Hazard quotients and
indices for non-carcinogens. "Stream * Model" will provide instream
concentrations based on user-specified inputs for a particular facility or
industry.

Databases

EPA's Integrated Risk Information System (IRIS), EPA's Health
Effects Assessment Summary Tables (HEAST), New Jersey toxic
hazard data, and California Environmental Protection Agency
(Proposition 65) toxic hazard data. Also contains a chemical hazard
database (user-specified).

Documentation

Users’ manuals for main program and stream model application
available (with purchase of program); refer to website and citation.




Training For additional information, send email to jhoway@hampshire.org or
call 703/684-5203.

Website (no centralized location online; refer to www.hampshire.org)

Supplement Thistle Publishing (www.thistlepublishing.com) provided distribution
of model and documentation at the time of this writing; however,
Chemistry Software (www.chemistry-software.com) is expected to
take over software sales.

Citation Risk*Assistant(TM) for  Windows (235 pages) and
Risk*Assistant(TM) for Windows, Stream Model (39 pages).

Complexity Moderate

Stochasticity Stochastic

Temporality Steady state

Spatiality (unknown)

Prerequisite

M.S. in ecology, toxicology, biology would be helpful; 3-4 years
experience in risk assessment is also recommended.

Cost

$395

Source Code

Inquire at Hampshire Research Institute (jhoway@hampshire.org)

Platform PC with Windows

Design Form Bundled System Component

Language Visual Basic

Comment Hampshire Research Institute has entered into a multi-year cooperative

agreement with U.S. EPA - with support from USDA - to develop
"Aggregate and Cumulative Risk Assessment Software”. HRI will
widely distribute the resulting Windows-based software to interested
users.

1. Instructions

- learn the code description and find out code

- input given data for simulations

-fill in the blanks of the Table 2 with output data of simulation
- perform the report.

The report should concern

Objective

Designations of the code “RA”

Description of the work and sequence of operation procedures using screen-shot
Presentation of calculated results (Table 2)

Making of inference about acceptability of risk for human health based on

obtained results
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Description of toxic properties of more dangerous contaminants (Cr, Ba,Sb)
Diagram showing contribution of more dangerous contaminants into total risk
Conclusions

Explanations to table 2

Ne/Ne
cToJIona

Hudopmanus, conepxariasics B CToIOE

1

HasBanue 31eMeHTa, 00HApYKEHHOTO B CpPEJIe

Name of element in soil

[Tpennonaraemas popma HAXOXKIACHUS

Substance in data base

KOHH. B CpEac, MI/KT — KOHICHTpalus 3JIEMCHTA B CPCJE, 110 YCIIOBUAM 3aJa4u

Concentration in soil, mg/kg

BAIWWINN| -

Komn. Ilocie nepenoca, MI/Kr — KOHLIEHTpALKA B Cpejie Tocie mepeHoca,
paccuUMTBIBaeT MporpaMmma, cM. o xoay Otuera...Bce nocneayroniye BeTMUUHbI
paccuuThIBaeT mporpamMMa, Bam Hy»HO ux Haiitu B OTuere. ..

Concentration in air after transfer, are calculated using model of transfer

ITep.CC/I, Mr/kr/c — cpeiHecyTO4Has J103a MPU NepopaIbHOM MOCTYIUICHUN

Peroral average daily dose at peroral intake to human body- ADD per

oo ol| b~

UK (uHransuuoHHast KOHIEHTpalus), Mr/ky0.mM — KoHrieHTpanus x(nepuoa
BO3JICHCTBUS B TOAAX/TIPOJOKUTEIHLHOCTD KU3HU B TOJIAX)

(op]

Inhalation Concentration (IC)

ITep. CCIK:, mr/kr/c - Cpeanecyrounas J{o3a B Teuenue JKu3nu npu
nepopanbHoM noctyruienuu, [ep. CCIIK = CCJ] x (mepuo BO3A€UCTBUS B
roJaX/mpoJI0JKUTENBHOCTD JKU3HH B TOJ1aX)

Peroral life average daily dose at peroral intake to human body during all life,
LADD

Wur.OK, mr/ky6.m - OtperynupoBannas Konnenrpanus (OK) st MHTaIIimoHHBIX
9KCHO3ULUHI — SKBUBAJIEHTHA SKCIIO3ULIMOHHON KOHIIEHTPALMH, YYUTHIBAIOLIECH
4acTOTY U NPOAOKUTEIBHOCTH BO3AEUCTBHSI U MHTEHCUBHOCTH JIbIXaHUSI.

Normalized Inhalation concentration, takes account of frequency and duration
impact, intensivity of respiration

KO nep. (He xaHI1.) MOKa3aTellb HEKaHIIEPOr€HHOTO PUCKA

— K03 PUIMEHT OMacHOCTH TIpH nepopasibHoM Bozaericteuu, KO=CCJ/T1/]
(OTHOIIEHUE CPeTHECYTOYHOH /103bl K TOPOTOBOH J103€, MOPOroBasi 103a 3TO
MaKCUMaJIbHasi CyTOYHAas 71032, HE BRI3BIBAIOIIAS TOKCHUUECKOTO d(pdekTa).
Hacrosmas nporpamMma nonb3yetcst 6a3oii ganHbIx IRIS no kaHIieporeHHbIM 1
HEKaHIIEpPOTreHHBIM CBOICTBAM BELLIECTB

ID Index of Damage(ing) = LADD/ threshold dose —noncanc risk

10

KO uHr. (He xaH1) - k03(pPULHMEHT 0OMacCHOCTH NP UHTATISALMOHHOM BO3JIEHCTBHH,
KO=UK/TIK (oTHOLIEHNE NHTAIALMOHHON KOHIIEHTPAIMH K ITOPOrOBOM
KOHIIEHTPALNN ), T0Ka3aTeIb HEKAaHIIEPOT€HHOr0 pucka. Iloporosas koHIEHTpaLys
9TO MaKCHMaJbHasl KOHIIEHTpAaIVsl, HEe BbI3bIBaIOIIas TOKCH4YecKoro s dexra

10

ID Index of Damage(ing) = IC/ threshold conc.-noncanc. Risk

11

KO 06m1. = KO nep. + KO unr. — 0600111eHHbII MOKa3aTenb HEKaHIEPOT€HHOT O
pHCKa [0 KaKIOMY UX 3JIeMEeHTOB. [laree cymMHupoBaHue MPOBOAUTCS IO BCEM
a7eMeHTaM (TPEaOCIIETHSISI CTPOYKa B TAOJIHIIC)

11

ID Index of Damage(total) =ID Index of Damage(ing)+ ID Index of Damage(ing)

12

R wHA. (any (1€P). - MHAMBUAYATBHBIN PUCK— BEPOSATHOCTH CMEPTH OT PAKOBOTO
3a00JIeBaHUs TIPH MEPOPATTLHOM BO3ACHCTBHM JAHHOTO KaHIIEPOTeHa.

R ind.canc (per)

13

R MHA. wauy (MHT.) - VIHAMBHUIyaNIbHBIN PUCK— BEPOSITHOCTH CMEPTH OT PAKOBOTO




3a00J1€BaHUs TP MHTATIIIMOHHOM BO3JICHCTBHH TAHHOTO KaHIIEpOTeHa.

R ind.canc (ing)

14 R ind.canc (total)
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Table 2

Number of variant. ..

Place...
DneMeHT ®opma | Konu. B | Konm. | mep. UK | nep.CC | unr.OK KO KO unr. | KO o6m | Puck | Puck | Puck
HaxoXJe | cpene, nocJjie CC/ mr/k | JIK MI/Ky0.M | TIep. HEKaHI[ | HEeKaHI[ | ep. WHT. o0,
HUs MTI/KT nepeHo | Mr/kr/c | yo.m | mMr/kr/c HEKaHI KaHIl. | KaHL. | KaHL.
ca,
element Substanc | Concin | Conc ADD IC LADD | IC (norm) | ID (per) | ID (ing) | ID R R R
e in data | soil inair | per (per) (total) ind.can | ind.ca | ind.ca
base c (per) | nc nc
(ing) (total)
1 2 3 4 5 6 7 8 9 10 11 12 13 14
KOOaJIbT
TOPUI
XpOM
CKaHIuM
cyppMa
Oapuii
pyouamii
LEe3ui
Opom
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TOTAL ID

TOTAL R ind




