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CEE 370

!’_ Environmental Engineering

Lecture #18

Risk: Perception, Assessment,

Management

Reading: Mihelcic & Zimmerman, Chapter 6
Reading: Mihelcic, Chapt 4.3.3
Reading: Davis & Masten, Chapter 6

David Reckhow CEE 370 L#18

i Basis for Setting Standards

= Experimentation
= animal testing, human exposure

= Attainability
= economic & technical feasibility

= Established practice
= Risk Assessment

David Reckhow CEE 370 L#20 2
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i Which has a higher risk?

A. Smoking 1 cigarettes
B Cancer, heart disease
B. Spending 1 hr. in a coal mine
B Black lung disease
C. Living 3 days in NYC or Boston
B Air pollution
D. Living 2 months in Denver
B Cancer caused by cosmic radiation
E. One chest X-ray
B Cancer caused by radiation

David Reckhow CEE 370 L#18

i Which has a higher risk?

A. Smoking 1 cigarettes
B Cancer, heart disease

B. Eating 80 tbs. of peanut butter
B Liver cancer caused by Aflatoxin B

C. Drinking 30 12-0z. cans of diet soda
B Cancer caused by saccharin

D. Living 150 yrs. within 20 miles of a nuclear power

plant
B Cancer caused by radiation

David Reckhow CEE 370 L#18
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Risk Perception

All increase chance of death in any year by 0.000001

Smoking 14 cigarettes

Cancer, heart disease

Spending 1 hr. in a coal mine

Black Iung disease

Living 2 days in NYC or
Boston

Air pollution

Living 2 months in Denver

Cancer caused by cosmic
radiation

One chest X-ray

Cancer caused by radiation

Eating 40 tbs. of peanut butter

Liver cancer caused by
Aflatoxin B

Drinking 30 12-0z. cans of diet
soda

Cancer caused by saccharin

Living 150 yrs. within 20 miles
of a nuclear power plant

Cancer caused by radiation

David Reckhow CEE 370 L#20 5

j_h Lifetime odds of death

() Car occupant 1 in 470
@ Pedestrian 1 in 704

® Motorcycle rider 1 in 911
* Accidental drowning and submersion 1 in 1,113

* Exposure to fire, flames, or smoke 1 in 1,442

* Choking from inhalation and ingestion of food 1 in 3,375

* Pedalcyclist 1 in 4,535
@ Firearms discharge 1 in 6,699
® Exposure to excessive natural heat 1 in 6,745

* Cataclysmic storm 1 in 6,780

* Air and space transport incidents 1 in 8,015

* Exposure to electric current,
radiation, temperature,
and pressure 1 in 12,220

Lightning
1in 164,968
L]

Legal execution
1in127,717=

Bitten or struck by dog
1in 116,448
L]

Contact with heat
and hot substances
1 in 59,003

L ]

Contact with hornets,
wasps, and bees

1in 55,764

Contact with o

sharp objects

1in 37,351

®
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/7 7\ Intentional
| self-harm
~_ 1in100

1in 109

Motor vehicle incidents
1in1i2

. Falls 1 in 144

Assault by firearm
1in 358

() Car occupant 1 in 470

‘L Lifetime odds of death

) Total, any cause
Heart disease 1in1
and cancer :

1in7

1
| Chronic lower

| respiratory disease
/1in28

Unintenticnal poisoning by and
exposure to noxious substances

Liahtning

Lifetime odds of death for selected causes, United States, 20112

1in7

) intentional
) sel-harm
> tin100 < =

Unintentional poisoning by and
——
et
@-rnme

@ Assauit by fream
1in 358

@ Car ocoupant 1in 470

@ Pedestrian 1in 704
@ Motorcycle rider 1 in 911
* Accidental drowning and submersion 1 in 1,113
* Exposure to fire, flames, or smoke 1 in 1,442
* Choking from inhalation and ingestion of food 1 in 3,375
* Podalcyclist 1in 4,535
* Firaarms discharge 1 in 6,699
© Exposure o axcassive natural heat 1 in 6,745
* Cataclysmic storm 1in 6,780
* Airand space transport incidents 1in 8,015
* Exposure o slectric current,

radiation, temperature,

. Contact with
and pressure 1 in 12,220

sharp objects
1in 37,351

© National Safety Council:Injury Facts 2016 Edition

Heart disease
and cancer

Total, any cause
in1

| Ghronic lower
respiratory disease
| 1in28

Lightning
1in 164,968

Legal axecuion
1in 127,717+

Bitten or struck by dog
1in 116,448

Contact with heat
and hot substances

1in59,003
Contact vith hornats,
wasps, an

1in55764
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Definitions

- : the probability of occurrence of adverse
health effects in humans

. : the process of characterizing the
nature and probability of adverse health effects of
human exposure to environmental hazards

. : the process of evaluating and
selecting among alternative regulatory actions
. : human judgement regarding

relative risks: perceived likelihood & severity

David Reckhow CEE 370 L#20 9

Statutory and Legal
Considerations

Dose Response
Assessment

Public
Health

Hazard
Identification

Exposure —
Assessment

Management
Decision

Source

Characterization ezl
< . Factors
~~~~~~~~~~~~~ L B Political

Considerations

Risk Management
Options Identification

Cost and Effectiveness
Assessment

Savid Reckhoy CEE 370 L#20
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i Four steps in a Risk Assessment

= Hazard Identification
Dose vs Response

= what is it? Curve
= Dose Response
= See graph @ 40 L
S 30 -
= Human Exposure 2 /
= actual doses and g2 O
rOUteS 8-, 10 Gion of uncer tainty
-l
= Risk Characterization 0 ‘
0 5 10
Log Dose
David Reckhow CEE 370 L#20 11
|
Fields of Analysis
Risk Assessment Risk Management
* Nature of effects * Social importance of risk
» Potency of agent * De minimis or acceptable risk
* Exposure * Reduce/not reduce risk
 Population at risk + Stringency of reduction
— Average risk  Economics

— High-end risk

— Sensitive groups
» Uncertainties of science
* Uncertainties of analysis

* Priority of concern

* Legislative mandates
* Legal issues

* Risk perception

Identif;
D Z Evaluate
escribe ]
Decide
Measure
David Reckhow CEE 370 L#20 Implement 12
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https://www.nytimes.com/2019/10/19/

C THE NEW YORK TIMES INTERNATIONAL SUNDAY, OCTOBERR 20,2019 \wor|d/americas/venezuela-water.. htmf”
utbacks Disrepair and Bacteria Plague Venezuela’s Water System

New Tests Ex L a
Health Hmr};:se " : oF

Ry ANATOLY KUR
MANAEY
ISAYEN HERRERA
The brick shack o
of Venezueia's capital s wori
»\n|h lu:s. Jjugs uml bucker, 3
waler they hold must jast the s
ly lfclghtfr\rawcek—hm ;s"r:::(
enough for
flushing, = the mm.m [ {mru
areasy pots and |
Sl of Salt urpe
And none. of the water

Ahe mather of the tar
s Yarelis Pinto. Her pregna

et Fatest bout of diarch st one
manth away from
i Venezuela, u(ru:nhlll:g
and the collapsef even |
stile infrasiructune means w
comes irregularly — and drinking

Wenezuela's current rate of in
mortality from diarrhes

E
ganization.

But the government stopped re-
leasing official public health dati
years ago.

S0 The New York Ties com-
missioned researchers from (he
Universidad Central de Venezuela
10 recreate the water Qu
study they had conducted
larly for the water utility in Ca
cas from 1992 until 1999

The scientists found that about
& million residents were exposed % ter system had inst
o contami d suf 5 of || rine; almost two thirds of the
puts them at risk of © ples had levels of bacteria that ex

ceeded regulations

by The Times showed the

The system was part of a broad

vides st

Dramised. Fore tha

waterborne viruses that o
sicken them and threatens the
lives of children and the o
nerable. bt 5 Ve st 207 Bt
d epie eovies, Venezuela's  vey-based evidence collect

s B 5 poren s Reew r A 3 hitgrsifgoaibigpettiid

water flowed for two days in Sep-
tember for the first time in six
months. It came oul dark with
sludge that accumulated in the
Emoty ppes.

The study found excessive bac
st of the sampled alter -
tive water sources used by Ca-
racas residents, such as moun-
tanside springs. water soid in

isterns.

Cofhe and survives on the fod her
ex-hushand brings for their chil-
dren.

When Ms. Pinta’s tubs run dry,
her family trudges 1o a nearby
creek with jugs (o fill. More fortu-
nate nesghbors pay for access toa
pomemade system made up of
mules of interconnected hoses that

carry water from a neartry hill
When §drink the waier, | fee
repulsion,” said Ms. Pin

Fier v chikire: ar often laxd
Jow by vomiting and
the frequent bouts of tiness make
1t hard for the adults to hold jobs.
Only one of the four adults in the
house worked. earning 58 month
eleaning floors.

But they have no choice, she
said. “We have to consume what
we

The study's researchers say the
high bactersa levels in the samples
are most likely caused by insuffi-
cient chlonne and the unstable
supply. These problems have been

nck ul mainte-

economic downturn, they say.

The econamic crisis has shut
down Venezuelas anly chlorine
plant for montks a atime, sad a
manager ar the plant, who spoke

RN e o B
of reprisals. And frequent electri.
cal outages allow bactenato accu-
mulate in empty pipes, say the
wtility’s managers.

Several of the study’s worst re

sults came out better when new

samples were collect tested
again severnl weeks labed imply-

Organisms and Chemicals

i TOXICIty TeStIng Table 5-8. Oral LDj, Vah:le:safor Vari.ous

ble 6.7

Chemical Organi

sm LD+, (mg/kg)

= Lethal Dose

Methyl ethyl ketone Rat

. Fluoranthene a

= Lethal Concentration EZ;?;;: . ;
. . Lindame T Mouse
= For aquatic species Diein | Nowe

arin (nerve gas Rat

5,500

2,000

800

117

86

38
0.5

Values from Patnaik, 1992.

Table 6.8

H
=3
o
£g Fig 6.5 Table 5-9. Forty-eight-hour LCs, Values
g 5 50 for 2,4-D
2=
28 Species LCso, mg/L
§
K /Ecsn or LCs Daphnia magna (zooplankton) 25
07 Concentration of Test Chemical g‘;‘l}:iao (ivn:;gﬁ?w ggg

Figure 5-41. Typical form of a dose-response curve used :

values for various chemicals and test organisms. From Patnaik, 1992.

David Reckhow CEE 370 L#20
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$ Dose-Response curves

FIGURE 5-2

FIGURE 5-3

o
2
2
o

100

wn
I=)

Hypothetical dose-response curves for two chemical
agents [A and B) administered to o uniform population.
NOAEL = no observed adverse effect level.

Compound A

Compo:uml B

NOAEL OAEL
’ ! | |
2 4 te 8 0} 2 14 s
[‘Dﬁ() LDSO
(A) (B)

Dose (nn;-kg’])

Hypothetical dose-response relationships for a chemical
agent administered to a uniform population.

Hypersensitive

Cumulative response (%)
=)
<

50 100

Dose (mg-kg )

Cell Viability (%)

i Reverse x-scale

= Toxicity of iodinated

50 75 100 125 150

25

compounds in drinking water

Compound Abbreviation Molecular
structure
Todoacetic acid 1AA o
'S
on
Ditodoacetic acid DIAA o
A
i
Bromoiodoacetic BIAA o
acid ‘%
"OH
of
lodoacetamide IAcAm [
il
N
Chloroiodoacetamide CIAcAm o
e,
Jr
Bromoiodoacetamide BIAcAm o

Compounds

—=— CIAcAm
BIAcAm
4~ lAcAm
—#- |IAA
—¥- DIAA
BIAA

Rassil Sayess; Ahmed
Khalil; Mittal Shah; David
N ‘7\ A. Reckhow; Krystal J.
: : : v I : — T:”I’" Godri Pollitt; Environ.
Sci. Technol. Lett. 2017,
0.1 50 100 250 50.0 500.01000.0 5000.0 4, 143-148.

Concentration (uM)
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:Pose-Response Curve

Observable
Response
Range
e
; e
Especially (\_@"‘(r}'
relevant it {?‘(? i Range of
to human (,}(—”) sl
response 3 (/,5-/“" [l Inference
and ‘;:f? o L
Chronic AT 0 &
. _‘.\l"_ﬁll_|[T|l_H_H__lvff:\
disease

Dose

David Reckhow CEE 370 L#20 17

i Hazard Identification

= The determination of whether a particular
chemical or agent is or is not causally linked to
a particular health effect.

= IARC Overall Evaluation of Carcinogenicity to

Humans
1 Carcinogenic to Humans
2A Probably Carcinogenic
2B Possibly Carcinogenic
3 Not Classifiable
4 Probably Not Carcinogenic
David Reckhow Weight of Evidesee L#20 18
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* Routes of exposure

Vilatile and Emizsions o air

other fugitive Deposition onto

\ Divect

From: Rubin, 2001

Direct and indirect

CEPOEUTE roules
Adr
— == Witer
. Foad chain

== e Ciroundwater

David Reckhow CEE 370 L#20

emissinng ot surface waters,
LIy i . '
i vegetation, and soil N n inhalation
direet P L\ R »~ @
discharges . o % ﬂ *  Drinking water
-~ . 1 % {afler treatment)
AR, E ﬁi &.ﬂb’a ] \
: X 7
!
1 4
1 Leaching 1 \"‘"'--.._._,_ o K
\ from buried ¥ BT T e s e T T ‘,-’
! and stockpiled i /
A matertals 7

19

* Chlorination

1-2 punch of

|
|

g 30 °\ Greenberg, 1980, Water

AN 3 Chlorination, Env.

§ [\"‘o \ Impact & Health Eff.

o N °\/>\ Yo.l 3, pg.3, Ann Arbor

g2 ¢ Sci.

g X/X

& \O/”\o

10 \Q\

¢ O}\Omo/o\a

£ | US Death Rates for™ *.,

hd . o B\o 3

e Typhoid Fever oo,

Sec0 1910 1920 1930 1940

Yeor

Melosi, 2000 }F1iR*Sanitary City, John Hopkins Press CE'f

Lecture #18 Dave Reckhow
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= Short Biography

= Education
=« PhD in Biochemistry: 1949

= Work experience
= Technological Univ., Delft (~'49-'54)
Laboratory for Microbiology

= Lundbeck Pharmaceuticals in
Copenhagen, (~'55-?)

= Noury Citric acid Factory (in
Holland)

=« Amstel Brewery

= Rotterdam Water Works by 1963,
chief chemist (1964-1984).

= 1984-1986; Visiting Researcher at
Lyonnaise des Eaux, Le Pecq.

i Johannes J. Rook

1921-2010

» Early Research
= 1955, Microbiological
Deterioration of Vulcanized
Rubber
Applied Micro.
= 1964, secured funds for a
GC at Rotterdam

Carlo Erba with gas sample

loo
P 21

orination: down

= Johannes Rook
= Brewery chemist

= Started with Rotterdam
WW in 1963

= Found THMs in finished
water

= Deduced that they were
formed as byproducts of
chlorination

s Others

= Uden, Christman
= HAAs: 1980

David Reckhow CEE 370 L#: "‘”" -

River water

ide | [T

Lecture #18 Dave Reckhow
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i Disinfection with Chlorine

Cl,
+ natural organics
(NOM)

The trihalomethanes (THMs)
¢! B Br iy
Cl—C—H Cl—C—H Br—C—H Br—C—H
& Cl & Br
Chloroform Bromodichloromethane Chlorodibromomethane = Bromoform
David Reckhow CEE 370 L#20 23

i Exposure to Chloroform

= Deterministic upper-bounding estimates of daily intake for the general population

. ZZFOUOT)]er details on the basis for estimated figures are given in Environment Canada & Health Canada

= ®Inhalation and dermal intake from daily showering. ~ But this is simple exposure, not
considering metabolism

Upper-bounding estimates of intake (ug/kg body weight per day) for age groups in the
general population
itl:;i]lsl::e 7 months -
0-6 months 4 years 5-11 years 12-19 years | 20-59 years | 60+ years
Outdoor air 0.21 0.45 0.35 0.20 0.17 0.15
Indoor air 16.81 36.02 28.08 15.97 13.72 11.92
Food - (included in | 2.87 2.36 1.58 1.25 0.89
water data)
Drinking- 130.6 55.28 43.43 24.73 25.90 27.20
water
Subtotal 147.6 94.62 74.22 42.48 41.04 40.16
Showeringl’ - - - 55.64 46.61 45.90
David Reckhow CEE 370 L#20 24

Lecture #18 Dave Reckhow 12



CEE 370 Lecture #18

Chloroform

= Metabolism of chloroform
= (GSH = glutathione; GSSG =
bis(gamma-glutamyl-L-
cysteinylglycine) disulfide; Nu =
tissue nucleophiles; R = alkyl group)

Cytochrome P450 is a large
family of enzymes (>10,000

Phospholipid  CHClg

T RH
—CHCIy %’Cquz
R

ol -
Cytochrome P450 2E1
=
(o]
Cytachrorne P450 2E1
Ha O

Lecture #18

known) that are found in _ HOCCl
plants and animals. They 2-Oxothiazolidine-
- - 4-carboxylic acid
catalyze the oxidation of o HCl
organic compound including Cyseine M a5H o GsH
may environmental pollutants /_HLOH C‘_g_ ol . E:Lc\ ca
i hosgene
5., NH P HzO P )
he Hoo M 2= Ho GBS e
0 Hel
HEl
o HEl GOy o
) I G5—C—356
David Reckhow Mu—C—Mu

i Animal tests to Humans

= RfD is the reference dose.

LED=lowest effective dose

= RFD=LED10/UF

« LED10 is the 95% confidence lower bound on the
dose associated with a 10% extra risk

Equals 1.2 mg/kg/d in this case: from liver toxicity in
animal studies

= UF is the uncertainty factor

Equals 100 in this case: 10 for interspecies extrapolation
times 10 for protection of sensitive individuals

LED10/ _! 2"’g2"”2”;°"p”2”7
= — g—bodywte
RfD = Yor= 100

~ 0 01 mg—total—exposure
Davi ~ Ve kg—bodywted 26

Dave Reckhow

10/25/2019
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i Setting a standard

= Maximum contaminant level goal (MCLG)
RfD x body weight x RSC
daily water consumption

MCLG =

= RSC is relative source contribution

= For chloroform in drinking water 70kg ~ 155 Ib

1 mg—total—exp osure 70 kg—bodywt 0 2 water—exp osure

MC L G _ kg—bodywt | day person total—exp osure
water ~ I
person/ day
=0.07"¢/
= 0. .
David Reckhow CEE 370 L#20 27

Distribution: Variability within

Dﬂ"’nﬂ
15 H
oy predadE

= Example:
New Haven
Service Are

- I
|
g . r .
Rt T
7 i
|
|l
3 5 |
= Spring Gler a1,
L £ \
g rtoviese,
2y aWhilneyviHe ‘Jl
J
3 10 f .,-‘"" 3
\! 2 Y .‘.-‘"' 4
cl

100

“n
7

& Brushy Pl

7 /nWest Haven

=
S
z

-

Cogrgrietiy @ Y55 997 licrfatt Copgeezition apelfor it o poliars ol G e narel Blasse i ol

Dave Reckhow
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A
LEGEND / %
TTHM (ppb)

e THM Full kinetic &
o000 hydraulic modeling

20.000 & o
- McClellan et al./ .
51

4/,,/4 " 3,400 pipes
o2 2,500 junction{

30.000
40.000
50.000

wTP x

A = a
.,',},. Ty ke
i 57 Gaillard
l‘g‘_ i wTP

Maltby Tik e 4
3 MG : SR

2.0 mg/L DOC (Treated)
pH 7

1.8 mg/L chlorine dose

i Protecting public from THMs

= Regulations
= MCL = 80 ppb

= Where and when to measure it?
=« THM analysis is ~$100 each
= If you measure it every 6 hrs at your
house it would cost $150,000 per year
= Do you measure at every house?

= How to tell if you're in compliance?
=« City average or every location?
= RAA or LRAA

20

David Reckhow CEE 370 L#18

Lecture #18

Dave Reckhow
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‘L Multiple Routes of Exposure

030 —

H Day 1

Day 2

3

0.25

0.20

MNormalized breath CHCI
[ug/m3)/{ug/L)]

e

w o o o

.- o =-
%baq};?i‘ﬁ ﬁ&‘ .01,"5" %.}t. ﬁﬂ';uﬂ* -.‘,)‘-E'
FLa A o(@‘" EagiPr S : ﬁ*“‘ ““t, 3
et W e o 88 o’ . o “‘& 5@0‘
W W~ & W ﬁ

.b!_\t:-‘- a\ Gordon et al., 2006 [Env|
'i! Hith Persp.114:514-521

System spatial variability
Key Questions

= Is it better to live in a house that is
closer to a water treatment plant?

= How do you get your dose of disinfection
byproducts?

= Does one type of water heater produce
better water than another?

= Could washing dishes be hazardous to
your health?

Dave Reckhow

10/25/2019
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Activity Major Routes

ing Ingestion

Showering & Dermal &

[T —e— Dish Washing Dermal &

Washing Inhalation v
S
) n
Beverage Ingestlgn & :> 8_
L [ Preparation Inhalation |.|>j
! Food Ingestion & |:> S
L Preparation Inhalation £
S
T
'J— Clothes Washing Dermal & |:>
Inhalation

Inhalation

Liu, B.N. and Reckhow, D.A. (2013) DBP Formation in Hot and Cold Water Across a Simulated
Distribution System: Effect of Incubation Time, Heating Time, pH, Chlorine Dose, and
Incubation Temperature. Environmental Science & Technology 47(20), 11584-11591.

Hot vs gold: THMs

Heavy Hot Water Use
Water Heater is Flushed

n Northampton?oi
MA

—w— Cold Tap
—A— Hot Tap
—@— Plant Effluent

30 A

20 Hwang's level of concern V
10
H .—4/./.\\.”.
I
/C"HCI [ o o e oo e e e L e o e e A

NSRS NI NSNITOI NSNS ST OIR O IENIENI

TTHM Concentration (ug/L)

Cl

CI BB A ST PTP B RS WA AE B (ST S P P P
Monday Tuesday Wednesday
Day and Time 34

Dave Reckhow

10/25/2019
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Indlcators or Surrogates| >700 compounds
formed

*Aldehydes
*Ketones
sepoxides

+ natural organics

Chlorinated Organics

(NOM) *Halofuranones
eHalonitriles
The THMS *Halophenols
[

Br El’:r
Cl— C H Cl— C H Br—C—H Br—C—H
& ¢l Cl Br
Chloroform Bromodichloromethane Chlorodibromomethane  Bromoform
STy G CEE 370 L#20 35

i Indicator Organisms

= Pathogens are often too difficult to monitor
directly

= Indicator organisms are a type of surrogate
that can be easily measured

= Ideal traits for an indicator

= Originate only indigestive tract of humans and
other warm blooded animals

Easily and rapidly enumerated

= Survive outside of intestine for as long or longer
than pathogens

Occur in high numbers
= They are not pathogenic

David Reckhow CEE 370 L#20 36

Dave Reckhow
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* Indicators

= Coliforms

= Total Coliforms

= Some may not be of fecal origin
= Fecal Coliforms

= May give false-positive results
= Escherichia coli

= Only of fecal origin

David Reckhow

CEE 370 L#20

37

Milwaukee’s

‘March & April 1993

Cryptosporidium out
~400,000-i} = ——yw

Dave Reckhow

e

Linwood Plant

10/25/2019
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AWWA 88:9:87

David Reckhow CEE 370 L#20 39

s

Combined filter effluent turbidity and coagulant dose at the Howard
Avenue plant—spring 1993

David Reckhow CEE 370 L#20 40

Dave Reckhow

10/25/2019
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* Two plants supply water

20
Southern plant s

E Morthern plant ssssss

zZ 1.5 4

S

2

2

£ 10

3

=

ko S

£ outhern plant ciosed

‘% 0.5 -

]

E "-"\'..‘1““

- -
00 - " b " " I L n n n i n " i L ..-.' "
' 1T 4 710131619 22252831 3 6 O 12151821 24 27
March April
David Reckhow CEE 370 L#20
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NEJM, Volume 331:161-167,

July 21,1994

Milwaukee Outbreak I

= Milwaukee Water Works (MWW)
= Obtained water from Lake Michigan

= Examination of Untreated and Treated
Water

= Revealed an increase in the turbidity of treated
water beginning on March 21
Unprecedented levels of turbidity from 3/23/-4/5

= April 7th advisory to all MWW customers
to boil water.
= Howard Ave WT Plant closed on 4/9

David Reckhow CEE 370 L#20 43

NEJM, Volume 331:161-167,

July 21,1994

Milwaukee Outbreak II

= 14 Clinical Laboratories

= Surveillance
= Retrospectively (3/1-4/6)
= Prospectively (4/7-4/16)
= Before April 7t 12 of 14 laboratories tested
for Crypto, only at the request of a physician
= 739 lab confirmed cases from 3/1-5/30
= 567 had telephone numbers

= 312 interviewed
= 285 (91%) onset 3/1-5/15

David Reckhow CEE 370 L#20 44
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NEJM, Volume 331:161-167,
July 21,1994

Milwaukee Outbreak III

= Laboratory Surveillance
= 3/1-4/6
= 12 of 42 (29%) specimens positive for
Cryptosporidium
= 4/8-4/16

= 331 of 1009 (33%)specimens positive for
Cryptosporidium

David Reckhow CEE 370 L#20 45

NEJM, Volume 331:161-167,
July 21,1994

Milwaukee Outbreak IV

= Lab confirmed cases

= 285 confirmed cases
= 170 (60%) female
= 130 (46%) hospitalized
= 48 (17%) immunocompromised
= Mean age 41 years (2 months- 93 years)

= All had diarrhea
265 (93%) watery

= Median duration of diarrhea 9 days (1-55)
= Onset of illness 3/1-5/15
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g Jan Schlichtmann

* “A Civil Action”

WELLS G AND H
WOBURN, MIDDLESEX COUNTY, MASSACHUSETTS
Comprehensive Environmental Response, Compensation and
Liability Information System (CERCLIS) No.
MAD980732168
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i Summary

MDPH - the city's rate of childhood leukemia was four times
higher than would be statistically expected in a community of its
size.

1980 - the Harvard School of Public Health correlated leukemia
cases with the distribution pattern of water from wells G and H
to show that leukemia was most highly concentrated in
neighborhoods that had received most of their water from the
wells.

1982, a legal complaint was filed by eight families in east
Woburn, Massachusetts, against three local industries for the
improper handling and disposal of toxic chemicals. The
complaint alleges that the toxic chemicals entered the
groundwater flow system and were pumped by municipal wells
G and H into the water supply of a local neighborhood, and that
the consumption of the contaminated water caused leukemia,
liver disease, central nervous system disorders, and other
unknown illness and disease.
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i Summary

In December 1982., U.S. EPA proposed that the 330-acre area
around municipal weIIs G and H be added to the NPL.

= Another NPL site, the Industri-Plex Site, is in Woburn less than
one mile upstream of municipal wells G and H.
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i Time Line

= 1648-Woburn's first tannery commences operations.

= 1865-The city's leather tanning industry hits its stride, with 21 tanning
and currying shops in action.

= 1863-1929 Woburn Chemical Works builds one of America's largest
industrial complexes: 90 buildings spread over 417 acres on what is
now generally the Industriplex waste site, which is upriver from Wells
G &H.

= 1910- John J. Riley Tannery is established near the Aberjona River.

= 1927 Woburn constructs sewer because of continuing pollution of
Aberjona River and Upper Mystic Lake.

= 1958 The City of Woburn's water consultant (Whitman and Howard)
warns that the Aberjona River Valley groundwaters are polluted and
should not be used for a public water supply.

David Reckhow CEE 370 L#20 52

Dave Reckhow

10/25/2019

26



CEE 370 Lecture #18

Lecture #18

Time Line

= 1960 W. R. Grace & Co. opens a small machine shop on Washington
Street.

= 1964 The City of Woburn installs Well G in the Aberiona River Valley.
= 1967 The City installs Well H in the Valley.

= 1975 The Massachusetts Department of Health indicates that Wells G &

H are contaminated.

= 1979 The Massachusetts Department of Environmental Quality
Engineering finds that Wells G & H are contaminated with several
volatile organic compounds (VOCs), and the wells are closed.
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i Time Line

1982 - Eight Woburn families sue Grace and Beatrice Corp., alleging
that eight persons (seven children and an adult) had contracted
leukemia from exposure to Wells G & H water allegedly contaminated
by the two companies. (A third company, UniFirst Corp., was later
added to the suit but quickly settled with the plaintiffs.)

1986 - After an 80-day trial, finding dismissed by the judge who orders
a new trial. Shortly thereafter, Grace and the families settle.

Between 1964 and 1979, Wells G & H supplied 25% of the drinking
water for Woburn. In 1979, the State found four Chlorinated Solvents
in the wells with concentrations over 500 ppb.
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\Voburn Site
* . l . buried river valley
Aberjona River of glacial outwash and
ice contact deposits
overlying
fractured bedrock
M

Beatrice
Foods

nﬂdpal,~~\\
plis G & H >, Wells G&H operated from
October 1964- May 1979
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j_h UniFirst Corportation

Formerly a dry cleaning facility - Interstate
Uniform Service Corporation (IUSC) (1966-
1983).

From 1977-1982, a 5,000-gallon above-
ground tank was used to store the dry-
cleaning agent tetrachloroethylene.

In 1988 Ebasco Services Inc. reported the
recovery of less than two liters of DNAPL
from a monitoring well installed near the
location of the removed storage tank. The
liquid contained 19,000,000 ug/I of
tetrachloroethylene.
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i Cryovac Division of W.R. Grace and Co.

= A food wrapping manufacturer since 1961.

W.R. Grace and Co. utilized degreasing

agents such as trichloroethylene at its facility.

W.R. Grace and Co. made use of a pit behind
the plant for waste disposal, and discharged
waste into the city's sewer system. In
accordance with an EPA Administrative Order
the pit was excavated and six 55-gallon
drums of liquid waste and contaminated soil
were removed to a Resource Conservation
and Recovery Act of 1976 (RCRA)-approved
disposal facility in June, 1983.
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l4

i New England Plastics Corporation

m A manufacturer of solid vinyl siding and various

other plastic products.

Prospect Tool and Die Company is also located
within the same building.

In December 1986, water from an industrial well
which tapped the bedrock aquifer was found to
be contaminated with various volatile organic
compounds (PCE & TCE).

In 1988, effluent from the New England Plastics
Corporation was found to enter the Aberjona
River via a drainage ditch.
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i Olympia Nominee Trust Corp.

m 1970 — 200 to 500 five—gallon containers of
arsenic trioxide were discovered on the
property.

s The Hemingway Transport Co., which owned the
property since 1980, had four underground
storage tanks at the trucking terminal facility.

s In May 1983, a 6,280—gallon gasoline tank was
found to be leaking, and was removed in July
1983. It is unknown when the tanks were
installed and when the gasoline tank began
leaking.
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i Wildwood Conservation Corporation

= John J. Riley sold the land to Beatrice Foods, Inc., in
1978, then repurchased the property in 1983.

= Established the property as the Wildwood
Conservation Corporation in 1985. Various trails
leading from two neighboring facilities, Whitney
Barrel Company and Murphy Waste Oil Company, to
the property existed during the period 1966-1983.

= On the property, extensive contamination consisting
of sludge, discolored soils, trash, 55-gallon drums,
paint cans and debris piles has been documented.
John J. Riley Tannery has an industrial water supply
well on the property.
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