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Abstract

The objectives of this study were to examine the association between contact current exposure and
the risk of childhood leukemia and to investigate the relationship between residential contact
currents and magnetic fields. Indoor and outdoor contact voltage and magnetic-field measurements
were collected for the diagnosis residence of 245 cases and 269 controls recruited in the Northern
California Childhood Leukemia Study (2000-2007). Logistic regression techniques produced odds
ratios (OR) adjusted for age, sex, Hispanic ethnicity, mother’s race and household income. No
statistically significant associations were seen between childhood leukemia and indoor contact
voltage level [exposure >90th percentile (10.5 mV): OR = 0.83, 95% confidence interval (CI):
0.45, 1.54], outdoor contact voltage level [exposure >90th percentile (291.2 mV): OR = 0.89, 95%
Cl: 0.48, 1.63], or indoor magnetic-field levels (>0.20 uT: OR = 0.76, 95% CI: 0.30, 1.93).
Contact voltage was weakly correlated with magnetic field; correlation coefficients were r = 0.10
(P =0.02) for indoor contact voltage and r = 0.15 (P = 0.001) for outdoor contact voltage. In
conclusion, in this California population, there was no evidence of an association between
childhood leukemia and exposure to contact currents or magnetic fields and a weak correlation
between measures of contact current and magnetic fields.

INTRODUCTION

Epidemiological research conducted over the past 30 years has indicated an apparent
association between residential power-frequency (50-60 Hz) magnetic fields and childhood
leukemia (1). In 2000, two pooled analyses (2, 3) reported statistically significant 1.7- to
2.0-fold increased risks of childhood leukemia in children exposed to residential magnetic
fields over 0.3 or 0.4 uT compared to those exposed to magnetic fields under 0.1 pT. In
2002, based on the association with childhood leukemia, extremely low-frequency magnetic
fields were classified as a possible human carcinogen (Group 2B) by the International
Agency for Research on Cancer (4). Results from experimental studies, including rodent
bioassays, do not support a link between magnetic fields and leukemogenesis (5, 6).
Numerous explanations such as confounding, measurement error and selection bias have
been explored, with no conclusive results (7-9).
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This study explores an alternate explanation; that is, exposure to contact current may act as a
confounder in the reported associations between magnetic fields and childhood leukemia. To
be a confounder in this relationship, contact currents would need to be associated with both
magnetic fields and childhood leukemia. The aim of this research was to explore these
relationships in an established California case-control study of childhood leukemia.

Contact currents occur when a person touches conductive surfaces at different potentials and
completes a path through which electric current flows within the body. The voltage on a
residential water line can produce contact currents in young children while they are bathing
provided that they are in contact with a metallic fixture contiguous with conductive and
grounded water pipes and that the drain is made of conductive material. In the only data set
from a large-scale exposure assessment of residential contact voltage (10), about 4% of the
residences had a contact voltage measurement of 100 mV or greater in the bathtub (data not
shown). Assuming that a child’s wet body resistance is 1,000 ohms (11), dosimetry
modeling estimates that for an 18-kg child, the resulting current (100 uA) would produce a
99th percentile electric field in the lower arm of 1.5 V/m (12).

Whether electric fields of this magnitude can influence lymphoproliferative dynamics and
thus provide a possible impetus for leukemogenesis has not been tested. However, a likely
site of interaction is the stromal matrix within the bone marrow, upon which reside the
proliferating reservoir of immature lymphocytes that ultimately populate the mature immune
system. The stromal cells, which are of the order of hundreds of micrometers long (13, 14),
are responsible for orchestrating the maturation of the lymphocytic lineage through their
ability to adhere lymphocytes to their surface while secreting mediators that regulate and
coordinate lymphocytic development (15). One can estimate that a 1.5 VV/m electric field in
the marrow of a child’s lower arm would transduce about 150 pV across at least a portion of
the plasma membrane of a 200-um-long cell. A transmembrane potential of this magnitude
is associated with biological activity (16, 17). A lymphocytic stem cell roughly 6 to 8 um in
diameter exposed to the same current would transduce a far smaller potential (approximately
7-10 pV) across its membrane.

By comparison, dose modeling predicts that the highest dose to the bone marrow of an 18-
kg child from a 1-uT, 60-Hz magnetic field would induce no greater than 40 pV/m in the
bone marrow (18). An electric field of this size would result in about 4 nV across a 200-um
stromal cell’s plasma membrane. The magnetic field’s induced dose to marrow is thus
orders of magnitude smaller than the dose from 100 mV contact voltage and is well below
any stated threshold for biological activity. Therefore, based on prior evidence of a positive
association of contact voltage with residential magnetic fields and on the fact that ambient
levels of contact voltage can produce electric fields in children’s bone marrow of a
magnitude associated with biological activity, we investigated the hypotheses that exposure
to contact currents may be associated with childhood leukemia or may confound the
reported associations between magnetic fields and childhood leukemia.

MATERIAL AND METHODS
NCCLS Study Participants

Participants in the study of contact currents were a subset of cases and controls who
participated in the NCCLS between March 2000 and June 2007. The NCCLS is a case-
control study of genetic and environmental risk factors in the etiology of childhood leukemia
that encompasses 35 counties in Northern and Central California. Incident leukemia cases
were rapidly ascertained from nine major pediatric clinical centers usually within 72 h of
diagnosis. Cases were eligible if they met the following criteria: (1) under 15 years of age at
diagnosis; (2) a parent or guardian speaks English or Spanish; (3) residence in one of 35
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California counties at the time of diagnosis; and (4) no previous history of malignancy.
Approximately 77% of cases ascertained by NCCLS were eligible for the study, and about
86% of eligible cases consented to participate. The NCCLS case population consists of acute
lymphoblastic leukemia (84%), acute myeloid leukemia (13%), and chronic myeloid and
other leukemia diagnoses (3%). For each case, one or two controls were identified using
California birth records, matched on date of birth, gender, Hispanic ethnicity (i.e., either
parent is Hispanic), and mother’s race (White, African American or other). Of the 2407
potential control subjects that we attempted to locate, 1263 (52%) were deemed eligible to
participate in the study. Of those eligible, 1089 (86%) consented to participate. Overall this
represents approximately 45% (1089/2407) of potential controls participating in the study.

Contact Current Study Participants

Study participants were cases and controls who previously participated in NCCLS home
environmental sampling studies. Eligibility was restricted to subjects who resided in the
same home since the diagnosis/reference date and were under age 8 years at diagnosis or
reference date (the corresponding date for matched controls). Eligibility was limited to
children under 8 because younger children tend to spend more time in the home and in the
case of contact current measurements are more likely to take baths. To maximize the number
of eligible children regarding the residential stability criteria, individual matching was not
maintained. Age and residential stability criteria yielded 38.5% of the cases (257/667) and
35.6% of the controls (291/817), of whom 245 (95%) and 269 (92%) agreed to participate,
respectively, in the household measurements. Written informed consent was obtained for
each participating family, and study protocols were approved by the Institutional Review
Board of the University of California, Berkeley and the Institutional Review Boards of all
participating institutions.

Exposure Assessment

A pilot study was performed to assess the feasibility of characterizing the bathing behavior
of young children. Forty volunteer families with children under 6 years of age completed a
10-day bathing diary. Results from the pilot study supported the critical assumption that
children do have frequent contact with sources of electrical currents while bathing; physical
contact in the bathtub (defined as touching the water spout and/or faucet) occurred while
bathing 77% of the time for a child aged 1-6, with an average of one contact per bath. The
feasibility of conducting residential contact voltage measurements (both point-in-time and
long-term measurements) was demonstrated in prior studies (10, 19, 20).

Electrical contact current and magnetic-field measurements were conducted by engineering
technicians from Enertech Consultants (Campbell, CA) over 4 years (2004—2007), during
the late spring, summer and early fall (to maximize daylight hours for outside
measurements). To control for seasonal variation in electricity use, 24-h outdoor temperature
readings were obtained from the National Oceanic and Atmospheric Administration
(NOAA) website. The outdoor temperature reading used in the analysis was the one closest
to the time household measurements were made. Demographic data (gender, date of birth,
date of diagnosis, race, household income and parental education) were available from the
in-home parent interview.

Contact current measurements—Contact voltage between the faucet and drain in the
bathtub most commonly used by the subject was measured using a voltmeter with a 1000-
ohm resistor across the meter’s leads to simulate human body resistance. Measurements
were logged every 5 s for 30 min, and an average value was computed (Vpatn) and served as
the primary exposure measure for assessing potential exposure to contact current. The
secondary exposure measure for assessing potential exposure to contact current was the
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voltage measured with a 1000-ohm resistor between the outside water service line and a
metallic stake driven into the ground about 8 m away (Vyy.g). Indoor contact voltage
measurements were available for all but one residence, and outdoor contact voltage
measurements were available for 476 (92.4%) residences.

Indoor magnetic-field measurements—Spot (or point-in-time) magnetic-field
measurements were made at a convenient location 1 m from the floor and away from any
electronic devices or electric appliances in the center of each room of the residence: kitchen,
living room, dining room, family room, bathrooms and bedrooms. The room with the
median magnetic field was selected for recording of power-frequency magnetic fields every
5 s for 30 min using the Emdex Lite. The average reading over the 30-min period (Bj,yg) is
the indoor magnetic-field measurement used in this study. Indoor magnetic-field
measurements were available for all 514 residences.

Statistical Methods

RESULTS

Log values were used for correlation analyses and comparisons of means since the
distributions of contact current and magnetic-field measurements were skewed to the right.
Pearson correlation coefficients for continuous variables and Spearman rank coefficients for
categorical variables were calculated among magnetic-field levels, indoor/outdoor contact
voltage levels, and potential confounders such as income, race and residence type.
Differences in mean values between cases and controls were assessed with two-sided t tests.
Multivariable logistic regression analysis was used to examine the influence of contact
voltage and magnetic fields on the risk of childhood leukemia, adjusting for age at
diagnosis/reference date (continuous), gender, Hispanic ethnicity and mother’s race as well
as household income (ordinal), due to its association with both disease and exposure. Odds
ratios and 95% confidence intervals were calculated using both continuous and categorical
variables. Exposure categories were defined by the distribution of exposure in controls,
using quartiles and a binary variable (above or below the 90th percentile). In addition, 0.2
uT and 0.3 uT were used as a threshold of exposure for By, based on levels reported in the
peer-reviewed literature (3, 21, 22).

Confounding was assessed for four groups of covariates: parental demographics (mother’s
and father’s education), housing characteristics (residence and neighborhood type, year
residence was built, urban/rural status and drain type), conditions at the time of the
measurement (time of day, temperature, month and season), and time effects (time from
diagnosis/reference date to measurement and duration of time in residence prior to
diagnosis/reference date). Each covariate was added individually to the model and log-
likelihood values were compared to identify potential confounders (P values less than 0.10
and a change in odds ratio of more than 10%). None of the potential confounders met these
criteria and were not included in the final regression model.

Demographic characteristics of cases and controls (Table 1) indicate that cases were of
lower socioeconomic status (SES) than controls as measured by annual household income
(P =0.01) and paternal education (P = 0.05) and were more likely to be of Hispanic origin
(P =0.07). The mean time between diagnosis/reference date and measurement date was 23.7
months for cases and 32.1 months for controls (P < 0.01; Table 2). Characteristics of the
residential measurements indicated no statistically significant differences between cases and
controls with respect to the year the house was built, urban/rural designation, time or season
of measurement, temperature at measurement or residence type.
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Differences in means assessed with t tests indicated no significant differences in the
distribution of exposure variables for cases and controls; means of log-transformed values
between cases and controls for Bayg (P = 0.84), Vipatn (P = 0.91) and Vyy.g (P = 0.63) are
presented in Table 3. As shown in Table 4, Va1, appeared to be only weakly correlated with
Bavg (r =0.10, P = 0.02). A weak correlation was also observed between Vg and Bayg (r =
0.15, P = 0.001), and the two contact voltage measurements were weakly correlated (r =
0.08, P = 0.09). The year the house was built was correlated with B,yg (r = 0.25, P < 0.001)
and Vg (r = 0.38, P < 0.001), with older houses having higher exposures.

Odds ratios comparing indoor contact voltage measurements (Vpaih) between cases and
controls (Table 5) were close to 1.0 and were not statistically significant for the third and
fourth quartiles compared to the reference group (first and second quartiles combined).
Using the binary variable (above or below the 90th percentile), the odds ratio was below 1.0.
The risk estimates for the 90th percentile and higher group did not change when excluding
homes with no detectable indoor contact voltage (n = 270, OR = 0.83, 95% CI: 0.44, 1.58),
and excluding children that lived in the house less than 12 months prior to diagnosis/
reference date (n = 427, OR = 0.78, 95% CI: 0.39, 1.54). Similarly, the risk estimates
remained the same when removing the 23 non-ALL cases (OR = 0.82, 95% ClI: 0.42, 1.58)
or the 11 cases with Down syndrome (OR = 0.87, 95% CI: 0.47-1.62). Multivariable
analyses of Vg were similar to Vi With odds ratios generally close to 1.0 or
nonsignificantly below 1.0 (Table 6).

Multivariable results for indoor magnetic-field measurements indicated nonsignificant odds
ratios of 1.23 (95% ClI: 0.74, 2.04) and 1.18 (95% CI: 0.71, 1.96) in the highest two quartiles
of exposure compared to the first quartile (Table 7). Analyses using other exposure
categories, including <90th percentile as unexposed and a priori cut points, and treating the
magnetic field measure as a continuous variable also indicated nonsignificantly elevated or
nonsignificantly reduced odds ratios. Analyses restricted to ALL cases only, children
without Down syndrome, and children residing in same home more than 12 months prior to
diagnosis/reference reported similar results (not shown).

DISCUSSION

A number of studies have examined the relationship between childhood leukemia and
residential magnetic fields. No epidemiological study to date has investigated contact
current exposure as a possible risk factor for childhood leukemia or as a confounder for
previously reported associations between residential magnetic fields and childhood
leukemia. The purpose of this exploratory study was to characterize residential contact
voltage in a well-defined case-control study population.

Despite the comprehensive and thorough measurement survey, no evidence was found of an
association between the risk of childhood leukemia and indoor or outdoor contact voltage
levels or the residential magnetic fields. Despite the weak correlations between Bg,q and the
two voltage quantities, there was nonetheless evidence of positive associations between Bjyg
and Vpath and Vyy.g When the variables were organized as categorical variables (data not
shown).

The study design included in-home visits and direct measurements rather than assessing
exposure based on proxy measures such as the conductivity of the household pipes. The use
of direct measures for contact current allows for direct statistical analyses using continuous
exposure variables. Direct measures, although powerful, are limited by their ability to
accurately assess true exposure. In this situation, the true exposure is strongly influenced by
frequency of exposure (i.e., bathing). Unlike exposure to magnetic fields, exposure to
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contact currents is intermittent. Based on the results of the pilot study, we can conclude that
children do make regular contact with sources of electric current while bathing and do bathe
with some regularity. However, the bathing behaviors of children in this measurement study
are not known and can only be inferred from the pilot study in a comparable California
population. Frequency of a child’s bathing and frequency of contact with faucets were not
assessed in this study to minimize participant burden.

Influences on the exposure measurements from variables such as season, time of the day,
and ambient temperature were assessed and did not appear to affect the risk estimates.
Although ambient temperatures in a period of a month around the exposure measurement
would be preferable, both Northern and Central California have fairly stable temperatures
and the 1-day measurement was considered sufficient for assessing the influence of
temperature and air conditioning use at the time of measurement.

The difficulty of assessing exposure in the years preceding diagnosis is a common problem
in all case-control studies. It is not clear how well contemporaneous measurements
accurately characterize contact current and magnetic-field exposure in general, and it is even
less clear how well they characterize past exposure (23). There was a relatively short
interval between diagnosis/reference date and measurement (2.0 years for cases and 2.7
years for controls), making it more likely that the measurements are correlated with
exposure in the house prior to the diagnosis/reference date. However, the residential stability
inclusion criterion may have resulted in a narrower range of exposures than might exist in
the overall source population.

Control subjects in the NCCLS have a higher household income compared with the cases,
thereby raising some concern regarding participation bias (controls of higher socioeconomic
status may be more residentially stable, easier to locate and more likely to participate).
Although the analyses were adjusted for household income, there may be potential residual
confounding due to undetected differences in SES between cases and controls. In addition,
the residential stability criteria for this measurement study (living in same home since
diagnosis/reference date) resulted in subjects with slightly higher income and education
level (data not shown) than in the main study. However, household income was not
correlated with any of the exposure variables, and differences in household income,
Hispanic ethnicity and maternal and paternal education for participating and
nonparticipating families were similar for the case and control groups. Moreover, thorough
methodological analyses of the participant and nonparticipant controls in our parent study
demonstrated that participating controls in NCCLS are not significantly different from first
choice (participating and nonparticipating) controls with regard to demographic measures
such as parental education and maternal reproductive history (24).

Although this is the first epidemiological study of contact currents and childhood leukemia,
previous exposure studies have measured residential contact voltage. These studies include a
pilot study of 36 residences in Pittsfield, MA (19), where the sample was weighted toward
residences with proximity to high-voltage transmission lines or large three-phase primary
distribution lines, a sample of 191 residences from the Denver, CO metropolitan area where
9% of residences were classified as very high current configuration but not prescreened for
Vpath (10), and a convenience sample of 15 homes in San Jose, CA where residences were
screened for Vg > 20 mV (20). The median values for all three exposure metrics were
substantially lower in the NCCLS population than those reported in these three exposure
studies conducted with a small number of carefully selected residences in largely urban
communities. For example, the largest sample, from Denver, had median values for Vpath,
Vw.g and Bgyg 0f 1.0 mV, 201 mV and 0.069 uT, respectively, compared to 0.3 mV, 83.5
mV and 0.021 uT, respectively, for the NCCLS population. This difference is likely due to
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newer home construction and smaller loads on the distribution systems feeding many of the
neighborhoods in the 35-county area of the California (NCCLS) study. In the Denver study,
65% of the residences were built before 1970, whereas in the NCCLS study, only 40% of
the study participants resided in homes that were built prior to 1970 (decreasing the
likelihood of having conductive drain-pipes). In addition, a large proportion of the homes in
the NCCLS (85%) were reported to have water plumbing components, including drains,
either completely or partially made of nonconductive materials.

In summary, results from our study and the three prior measurement studies demonstrate
that the potential for contact current exposure in a large portion of the NCCLS study
population is very low. With only 10% of the study population having magnetic-field levels
over 0.1 uT (Table 3), the potential for exposure to magnetic fields was also very limited in
this population.

Based on previous studies that reported a positive relationship between residential magnetic
fields and measures of contact voltage (10, 19, 25), this study was designed to address
whether exposure to contact voltage was an independent risk factor for childhood leukemia
or served to confound the association of magnetic fields with childhood leukemia. We did
not observe a positive association between contact voltage and childhood leukemia and,
because there was no association of magnetic fields with childhood leukemia in this
population, the opportunity for detecting confounding was minimal. However, low exposure
prevalence for both exposures limited the study’s power to detect significant odds ratios for
either exposure taken independently or confounding of magnetic fields by measures of
contact current exposure.
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TABLE 1

Socio-demographic Characteristics of Cases and Controls in NCCLS Contact Current Study

Cases no. (%) Controls no. (%) P value@

Child’s sex
Male 152 (62.0) 159 (59.0) 0.50
Female 93 (38.0) 110 (41.0)

Child’s age (years)
<2 38 (15.5) 38 (14.2) 0.90
2-4.9 140 (57.2) 155 (57.6)
5-7.9 67 (27.3) 76 (28.2)
Mean (SD) 3.9(1.8) 4.0(1.8)

Child’s Hispanic ethnicity
Non-Hispanic 147 (60.0) 182 (67.7) 0.07
Hispanic 98 (40.0) 87 (32.3)

Child’s race
White/Caucasian 136 (55.5) 166 (61.7) 0.15
African American 4(1.6) 8(3.0)
Native American 3(1.2) 3(11)
Asian or Pacific Islander 35 (14.3) 21 (7.8)
Mixed, unknown or other 67 (27.4) 71 (26.4)

Annual household income ($)
<15,000 26 (10.6) 16 (6.0) 0.01
15,000-29,999 34 (13.9) 25 (9.3)
30,000-44,999 39 (15.9) 31 (11.5)
45,000-59,999 33 (13.5) 28 (10.4)
60,000-74,999 16 (6.5) 25 (9.3)
>75,000 97 (39.6) 144 (53.5)

Maternal education
None or elementary 18 (7.3) 21(7.8) 0.59
High school or equivalent 57 (23.3) 51 (19.0)
Some college or similar 70 (28.6) 74 (27.5)
Bachelors degree or higher 100 (40.8) 123 (45.7)

Paternal education
None or elementary 21 (8.7) 21 (7.8) 0.05
High school or equivalent 76 (31.0) 60 (22.3)
Some college or similar 41 (16.7) 71 (26.4)
Bachelors degree or higher 102 (41.6) 113 (42.0)
Missing 5(2.0) 4 (1.5)

a . . . . .
P derived from XZ tests for categorical variables and t tests for continuous variables.
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TABLE 2

Characteristics of Residential Measurements in NCCLS Contact Current Study

Cases, no. (%)  Controls, no. (%) P value?

Year house built

1939 or earlier 17 (6.9) 14 (5.2) 0.40
1940-1969 67 (27.4) 74 (27.5)
1970-1989 48 (19.6) 65 (24.2)
1990 or later 62 (25.3) 74 (27.5)
Missing 51 (20.8) 42 (15.6)

Urban/rural area
Urban 139 (56.7) 158 (58.7) 0.45
Suburban 27 (11.0) 20(7.4)
Rural 24 (9.8) 33(12.3)
Missing 55 (22.5) 58 (21.6)

Residence type
Apartment 21 (8.6) 16 (5.9) 0.15
Multiple-family homes 17 (6.9) 11 (4.1)
Single-family homes 197 (80.4) 237 (88.1)
Trailer and other 10 (4.1) 5(1.9)

Season of measurement
Spring 34 (13.9) 45 (16.7) 0.12
Summer 139 (56.7) 128 (47.6)
Fall 72 (29.4) 96 (35.7)

Interval between diagnosis/reference date and measurement (months)
Mean 23.7 321 <0.01
Range 5.8-63.5 7.8-75.3

Duration in residence prior to diagnosis/reference date (months)
Mean 321 35.4 0.08
Range 0-91 0-95

Ambient temperature at measurement (uF)
Mean 74.9 73.5 0.16
Range 50.4-102.9 48.0-102.9

Time of measurement
Mean 1:47 pm 2:14 pm 0.13
Range 9:12 am-7:48 pm  9:03 am-8:09 pm

a . . . . .
P derived from XZ tests for categorical variables and t tests for continuous variables.

Radiat Res. Author manuscript; available in PMC 2012 March 1.



Page 11

Does et al.

‘(punoJb ayy ul ajod pue urew Jajem ay) Usamiaq painseawl abeljoA) Juswainseaw abe} oA 19.IU0I J0opINOo 8y} SI m_->>>o

*(gnayreq 8y U1 UrRIp Y PUE 182NBY BY) USMIS] painsesll ael|oA) Juswainseaw abel|oA 198IU0d Joopul 8y} i Emn_>g

‘JuaWaInsea plary-onaubew Joopul ayi si m>mm_m

2’162 0°0z€ 05°0T 0’8 ¥60°0 €IT'0  9Inusdiad Yo
1’68 99/ G20 0€0 0200 €200 uelpaiy
(T°€€T) 09T (9261) €°€2T (sv'82) vL's (z6sT) 2TV (820°0) 9700 (020°0) L¥0°0 (as) uesy

(16z=u)sjonuo) (pTz=u)sesed (89z =u)sjonuod (Gyz =u)sesed  (69Z = u) sjosuod (G = u) sased

(AW) ;3MA (AW) o= (1M) g

ApMS 1ua1InD 1981U0D STIDN ‘sajqelieA ainsodx3 Arewlid 881yl ayy Jo uondiiasag
€3149vl

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Radiat Res. Author manuscript; available in PMC 2012 March 1.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Does et al.

Page 12

TABLE 4
Correlation Coefficients? for Exposure Variables (log-transformed) and Study Variables, NCCLS Contact
Current Study
Log(Bayg)®  LOg(Veatn)®  Log(Vuw.)®
Log(Bayy)P 0.10 0.15
Log(Viam)© 0.08
Log(Viw-e)¢
Hispanic ethnicity <0.01 0.03 <0.01
Race (White vs. non-White) 0.01 0.02 0.03
Household income® 0.02 0.03 0.01
Year when house was built® 025 038 0.06
Residence type (Single-family vs. other) 0.13 0.12 0.01
Location (urban/non-urban) 0.18 0.08 0.15
Time between diagnosis/reference date and measurement 0.03 <0.01 0.03
Season of measurement (Summer vs. Fall or Spring) 0.03 0.12 0.06
Ambient temperature at measurement <0.01 0.12 0.06
Time at measurement 0.07 0.02 <0.01

a, - - .
Spearman coefficients unless indicated otherwise.

b . . g
Bavg is the indoor magnetic-field measurement.

C . . L
Vpth is the indoor contact voltage measurement (voltage measured between the faucet and the drain in the bathtub).

d . . .
V\W-E is the outdoor contact voltage measurement (voltage measured between the water main and pole in the ground).

e -
Pearson coefficients.

Radiat Res. Author manuscript; available in PMC 2012 March 1.



1duasnue Joyiny vd-HIN

Does et al. Page 13

TABLE S5
Risk of Childhood Leukemia in Relation to Indoor Contact Voltage (Vpath), NCCLS Contact Current Study

Exposure variables Cases (no.) Controls (no.) Odds ratio®  95% CI
Continuous variable (per 10 mV) 245 268 0.96 0.86, 1.04
Categorical

Quartile 1-2 (0.00-0.25 mV)P 121 134 1.00

Quartile 3 (0.25-1.50 mV) 57 61 0.98 0.63, 1.53

Quartile 4 (=1.50 mV) 67 73 0.99 0.65, 1.52
Binary (90th percentile)

Unexposed (<10.5 mV) 224 242 1.00

Exposed (=10.5 mV) 21 26 0.83 0.45, 1.54

a . . . . . .
All odds ratios were adjusted for household income, age, sex, Hispanic ethnicity and mother’s race.

b . . . .
Quartiles 1 and 2 were combined because 47% of observations had a zero reading.
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TABLE 6
Risk of Childhood Leukemia in Relation to Outdoor Contact Voltage (Vy.g), NCCLS Contact Current Study

Exposure variables Cases (no.) Controls (no.) Odds ratio®  95% CI
Continuous variable (per 100 mV) 219 257 0.96 0.85-1.09
Categorical

Quartile 1 (0.00-35.8 mV) 59 65 1.00

Quartile 2 (35.8-89.7 mV) 61 64 1.17 0.70, 1.96

Quartile 3 (89.7-166.8 mV) 54 63 1.02 0.61, 1.70

Quartile 4 (>166.8 mV) 45 65 0.73 0.43,1.25
Binary (90th percentile)

Unexposed (<291.2 mV) 196 231 1.00

Exposed (=291.2 mV) 23 26 0.89 0.48, 1.63

a . . . . . .
All odds ratios were adjusted for household income, age, sex, Hispanic ethnicity and mother’s race.
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Risk of Childhood Leukemia in Relation to Indoor Magnetic-Field Exposures, NCCLS Contact Current Study

Exposure variables Cases (n0.) Controls (no.) Odds ratio®  95% CI
Continuous variable (per 0.1 uT) 245 269 1.01 0.80, 1.28
Categorical

Quartile 1 (0-0.01 uT) 55 64 1.00

Quartile 2 (0.01-0.02 pT) 54 69 0.96 0.57, 1.62

Quartile 3 (0.02-0.05 uT) 70 68 1.23 0.74,2.04

Quartile 4 (>0.05 pT) 66 68 1.18 0.71,1.96
Binary (90th percentile)

Unexposed (<0.09 uT) 213 241 1.00

Exposed (20.09 uT) 32 28 1.27 0.74,2.20
A priori cutpoints

<0.10 uT 215 245 1.00

>0.10-<0.20 uT 22 12 1.98 0.94,4.17

>0.20-<0.30 uT 5 6 1.03 0.30, 3.55

>0.30 uT 3 6 0.57 0.14, 2.36

<0.20 uT 237 257 1.00

>0.20 uT 8 12 0.76 0.30, 1.93

a . . . . .
All odds ratios were adjusted for household income, age, sex, Hispanic status and mother’s race.
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