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Historic case series data on workplace
Pb exposure & pregnancy loss

Losses/ Infant deaths/
Area, time Maternal (paternal) exposure
Pregnancws Births

France, mid-1800s (Paul, 1860)  Prior to work in Pb factory
During/after work in Pb factory
Paternal work in Pb factory
All exposure

England, late 1800s (Legge, 1901)  During work in Pb factory

During/after work in (Pb)
china/earthenware factory

Italy, early 1900s (Torelli, 1930) General population
Work in (Pb) printing industry

Paternal work in (Pb)
printing industry

Italy, early 1900s (Torelli, 1930) Work in Pb mine

Paternal work in Pb mine

72.2/100
34.4/100
59.3/100
52.4/100

15.5/100

4.0-4.5/100
24/100

14/100

22.1/100
276/100

900/1,000
400/1,000
400/1,000

150/100
320/1000

469/1000

e Hertz-Picciotto, Am J Ind Med 2000;38:300-309; Legge, J Hyg 1901;1:96-108; Paul, Archives Generale de Medecine 1860;15:513-533; Torelli, Med Lav
1930;3:110-121



Pb-based pills used as abortifacients In
oth-20th Century England

PLUMBISEM FROM THE INGESTION OF
DIACHYLON AS AN ABORTIFACIENT.
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Ckn=wrmyaTiosxs ny D, Flann.,

Tropasag tlhe last foew pyears owtbreaks of lesd poisoning
of Wi iy exteat adad severily have scearred §n JdEf-
ferent localitica wihiich ooald not be traced to the ordinary
aonrees of plumbisme, soch ms watosr contaminaiion or
dangerous coeapation. The casmes woere alwnys limited
to wormeny  of  child-bearing  ape, ool eventieally thee
asonrce of the polsoming waa  traced to the costem of
taking dinchylon ns nn abortifacicnt.

In & paperr read Tssfore the Yorkshire Bmosch of thae
British Medical Association at Bradiosd in Jonuaary, 1905,*
I revoribed 5 cmeca of th kind, nnd referred in detail o
the numeras nrticles which have appeared  in varioss
Jouarnsals frona Limse Lo time on this subject {vide Bilklio-
graphy at end of papser).

This custom of lmking dimchylon, instead of dimin-
Ishing, lins spreasl over sweh & lorge area of coentry, andd
auuanmesl =uwel serious Ppropgortiens, that steps most e
taken o check it or if poasible to stop it altopether. Tlow
this may b=t b done remains B b settled, bat it s oot
po mimple a mailer as might ot Grst siglt EOgHaT.

Tl smlsject b= & somewhal delicste one, which cannot
eamily b ventilnted in e public press, or by the obrosin-
lmBioma of warmiseg svolices. MMaoreowver, Elere iz the fear
that pablicamtion meight temnad bo spremd Bha: cwil, instend of
resdiscing Gt

Flisra -:f o Eafemt of Soeerad.— Tl first cnses  were
-|]|-:mlr'u.| at Leicester and woere reportexd im0 1883 by

r- Ehogue.

..’nlr.-r-!"lhn'l- the practice aceima o lave beea less walent
for m whils, or ot blenst to have spread Toaek yvory slowly, for
I eaae Bodl mee Fartlver reeorll of cuses @ 1 1598, et i=, Hwae
yeara laber, wilsen cases wiers reported in the neighboaring
wiky of Birminglhses, I 1838 11 hined remoleed Notbinglaon:
in considemable vigeoar, whene it s cemoined cver sines,

AR tlaat thinse Bt lad cerainly seol remaerbiesl s foe neorth as
Sheffleld, o did Bt dbo st aaey oxbent nntil soms two or
three years lnter, sinee wlon the pamber of casea hns
& beswa B immerenssd Qo Blee lowality. Inguiries which T howvae
macde from all the neighisoaring centoes show that it has
meached varfons smaller or bargper towns still fortlver mortls,
such ns Barmaleyr gl Doneasicr, and thnk o few cnses havas
aeemrmsl in Leeds, ineloding ome death, bot this secms
ta be s northern lmit.  So far as T oan ascertain, it has
not been recorded i oany of flee ofler arge Workskhime
towns, Brdford, Halifox, FluaddessBelal, Huwabl, York, ol ®
It Bims not aflfected the Monchester or Liverpool districts.

Hall & Ransom, Br Med J 1906;1:428-430.

Further mnorthh ot Newcenstle-cu-Tyne it appears toe e
aguidar e kreoaen.

To the east of this alfected Midilawd arca T eannot hear
of any cases, sither at Lincoln, Galnsboreuwgls, or Retford.

To tlee =outls of Leicester m coerlain namber of caseos,
wiitls gave dbeath. have been reported Bo omaee by e courtesy
of Ivr. Harmes Savory of HBedford,

Tuguiiriea from varions hespitnl sailhoritics i TLoasdoas
PodEnt Lo its nob occarring there,

Thee meea oveer whicls the proetice of n=ing diachylon as
an alawrtifocient has spread s thes Bownsled oo the north
by tha appsr part of Scuatlh Yorkshire, oo $lhae somils Ty
Bedfordshire, nsd on eacls sicle Tay the wwidils of  glae
comntics of leicester, Warwickshice, Notts, ol Eaar
Iderbyslnhre, This @aren compriscs o large smamber of
msanulinctaring town=, each contoining thousmnds of 2las
waorking chlasseas, topetheer wilth o cowntry betwaeen: langely
oeseragriesl by mdning popukations.

Faocal Statiefice o8 fo Prervlemee of fhe Crestore,— T
Fran=are lens nt!rmpbr-c'l. tis oBfmin soane detnils s tos dlas
wxtent of this cnstorm in ol saronael Noettinglenan—EElsal s,
in e sonthern leall of the sves @ whibl=t I have attemjstedl
to o the samo in and sroand Slefeld.

A wireubnr samerestad hp— Thr. Binonessomn s Teeen forwerabaed
T ey anesliieal  manos = of sorme Datearly or
thirty miles of Sheffield, nakh wrennt ok,

Abont M have mp!lu-:l_ B0 himsar el swacls

(=11 Elecir emres alaring Else East dws
_-ﬂ"n.rn il .H.p-]‘nl'l:l\.hﬂ A

From_ their repliss one can accowmn for ono or two
Bondeed cases in this district duaring the last Gwo yeans,

Omne oy mildd o these thae large samibeer of woasmoas wha
come Lo our bhospitals suering frony plambism overy
month, and even thaen get s vory mode=1 estimate of the
extont of the practice,

Amal this for two reasons: D the first place, & conaider-
able numbser of medieal mean have ol mee ey Jeave lad
uur]l. cmeen bl.:l- ]‘IB.W ot answered my civenlar for fear of

- aof o ruml ¥, whilst Elur foemr
-ud' 'I,wtng formrmued mu: provents @ nrge namber of soeffenemn
from going to their medical men at all

I believe we ashall mot ar wenargg in saying that
meyeral hundred womaen have tnken dimclhylboa in this
district nlone dering the last Lwo years.

From the provious statemment omne is warranted in saying
that this abuse of diacliylon i=s & grave pablic scandsl ; for,
apart from the socin] aosd meorn] goeesti o wiredarel 'uuill
it, there is the mdded evil of the hormiol ofects of O diooag
itmo i

TmTortanately this is mot 10
dopebinnl  paines :nn-rl Teicpdmc e srmsdintaely follow
its e lve= n of suflicient]ly sericus sufler-
t theere s the prolonged aosacmis, witls oo plets
ity Lo o e the doties of o hnuwhuld for anany
woeeks or months alter thae drag s bheen stopped.

1t Ehe severs snl-

L Hlare- Uf’l‘l‘l-lr-ll'-l:h- wh
wanknosn to chomibsts jm s
chemisis hare reconiiy boee

1 am_ dmiferined that the pracilioe (= eed
eoof tlhieso Losas, an wal cven in Dusden
asked for dischylon. apparcetly bor fsis




Pb associated biologic events relevant

to reproduction & development

Endocrine Epigenetic Oxidative
disruption reprogramming stress
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Agarwal et al., Reprod Biol Endocrinol 2005;3:28; Colborn et al. Environ Health Perspect 1993;101:378-384; Fragou et al., Toxicol Mech Methods
2011;21:343-352; Walker & Gore, Nat Rev Endocrinol 2011;7:197-207




Pb impacts gonadotropin & sex-steroid
hormone functio

Extrafollicular Intrafollicular FSH Leydig & Sertoli cells:
LH-receptors
Mural Granulosa Cell StAR
Pb P450scc [
cAMP HSD3B ~ Pb
Testosterone Testosterone CYP45017a (P450c17)

Androstenedione

HSD3p '
(CYP45017a)

DHEA (progesterone)

Androstenedione Follicle
Antrun
l CYP450arom

Estrone -----—--—- Estradiol ﬂ-

IGF-1, IGF-2, SF-1, LRH-1,
CREB, PPARy, CATA4 /

Pregnenclone

tCYPdS

Cholesterol

Cholesterol

Cholesterol Extrafollicular Intrafollicular

Bloom et al., Fertil Steril 2016;106:857-863; Choe et al., Sci Total Environ 2003;312:15-21; Dyer in Gore, 2007 “Endocrine-Disrupting Chemicals: From
Basic Research to Clinical Practice”; lavicoli et al., J Toxicol Environ Health B Crit Rev 2009;12:206-223



Blood Pb for U.S. women 16-49 yrs
relative to U.S. median (1999-2004)

None

Just lead

Just mercury

Just PCBs

PCBs and lead
™ Lead and mercury
® Mercury and PCBs
H All three

Pregnant < non-pregnant (33%), 2003-2004

57.8% > U.S. median (~1.47 pg/dL)

CDC, 2018 “Fourth National Report on Human Exposure to Environmental Chemicals - Updated Tables, March 2018”
Thompson & Koekelheide, Environ Res 2013;121:23-30; Woodruff et al., Environ Health Perspect 2011;119:878-885




Pb crosses the placenta (~1.0) &
mobilizes from skeletal compartment

Auth A Maternal Cord C:M
HEROT read blood blood ratio

Saudi
Al-Saleh et al., 2011 e 1,572 2.54ug/L  2.06 ug/L | 0.81
Arabia
Canadian
Butler Walker et al., 2006 , 324 26.7 ug/L 21 pug/L 0.79
Arctic
Hu et al., 2015 China 81 23.1ng/g  22.0ng/g | 0.95
u.s.
Hu et al., 1996 41 3.0 ug/L 1.0 ug/L | 0.33
(postpartum)
Raghunath et al., 2000 India 148 6.4 ug/dL 5.1 pg/dL | 0.80
Sakamoto et al, 2012 Japan 16 24.5ng/g  14.8ng/g | 0.60
(RBCs)

Hu et al., Arch Environ Health 1996;51:52-58; Hu et al., Am J Public Health 1991;81:1070-1072; Raghunath et al., Sci Total Environ 2000;250:135-141;

Al-Saleh et al., Int J Hyg Environ Health 2011;214:79-101; Butler Walker et al., Environ Res 2006;100:295-318; Hu et al., ] Reprod Med 2015;60:21-29;
Sakamoto et al., Ecotoxicol Environ Saf 2012;84:179-184



Moderate-high level environmental &
workplace exposure studies

Port Pirie, South Australia (Pb smelter community)

Loss (<20 wks.) Case (23) 11.3 >0.05
Referent (721) 10.8 . .

PTB (<37 wks.) Case (30) 12.5 12.7 <0.05
Referent (527) 11.2 10.0 .

Finnish worker cohorts, 1973-1983 (1st trimester maternal, spermatogenesis paternal)

Bld Pb level (ug/dL) Spontaneous loss (n) OR (95% CI)

Maternal (n=229) <10.4 0.9 (0.5,1.7)
220.7 5 11 0.8 (0.2, 2.5)

Paternal (n=513) 20.7-29.0 OR=2.2 for 220.7 pg/dL with wife <27 yrs
>39 .3 (95% CI=1.2, 4.1)

Lindbohm et al., Scand J Work Environ Health 1991;17:95-103; Scand J Work Environ Health 1992;18:37-39; McMichael et al., J Epidemiol Community
Health 1986;40:18-25



Maternal blood Pb & pregnancy loss In
Mexico City, 1994-1996 (n=95)

20.1 -
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Mean=11.0 pg/dL
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o

OR=1.84 per 5 pg/dL

Odds Ratios on a Log Scale
F -
h

2.7° (95% CI =1.05, 3.71, P=0.03)
1.6°

\
1.0 M ' ' '

Blood Lead (ug/dL)

Adj maternal age, clinic type,
gestational age at sample,
Borja-Aburto et al., Am J Epidemiol 1999;150:590-597; Hertz-Picciotto, Am J Ind Med 2000;38:300-309 prior loss & calendar date



Municipal water supply ““Pb crisis™ In
Washington, DC (2000-2003)
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@ Edwards, Environ Sci Technol 2013;48:739-746



Teratozoospermia among men with
occupational Pb exposure & controls

P<0.001
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@ Lancranjan et al., Arch Environ Health 1975;30:396-401



Higher workplace Pb associated with
lower sperm concentration (n=149)

— | Reference subjects ® Lead workers I
—= 180

@ 160 @
© 140
E 120
~— 100
80 ——-
60
40
20
0

m

Sperm density

d
17 19 21 23 25 27 29
(-5ng/dl) - BPb (g/L) log-transformed  (18-2ng/dl)
\4

(10.0 pg/dL)
@ Telisman et al., Environ Health Perspect 2000;108:45-53



Higher workplace Pb associated with
male infertility (n=4,146)

Couples
No. without 95%
of  Pregnancies, Confidence
PbB (umol/L) couples % RR Interval
All 4146 25.7
(s10.35pg/dr) 0.0-0.4 681 21.3 10T

Probable exposure
Husband monitored within a 5-year period

(210.35 pug/dry 0.5-0.9 1067 26.8 1.27  1.08-1.51
1.0-1.4 625 27.8 1.35 1.12-1.63
1.5-1.9 242 29.8 1.37 1.08-1.72
2.0-2.4 112 29.5 1.50 1.08-2.02

(51.75pg/dL) =2.5 65 35.4 1.90 1.30-2.59
Potential exposure
Husband monitored last time before the 5-year period
0.5-1.4 519 28.5 1.04 0.85-1.27

(231.06 ug/dL) =1.5 145 27.6 1.10 0.81-1.46
Husband monitored first time after the 5-year period
0.5-1.4 622 20.9 .23 0.99-1.53
=1.5 68 23.5 .34 0.82-2.03

@ Sallmen et al., Epidemiology 2000;11:148152



Female infertility in Taiwan, 2000-

8.0 { \‘
75 L (4.79£1.5)
70[ l OR=2.94 for women >2.5 ug/dL

6.5 |- (95% CI =1.18, 7.34; P=0.02)
6.0 E (3.23£2.28)

g:g ] 3554139 — (2.78+2.03)
4.5 | Ay
4.0
35|
3.0
25|
2.0
1.5 F
1.0 |
0.5 f
0.0

I female
B male

Blood lead levels, ug/di

Infertile Fertile Adj age, BMI, smoking, Rx

use, Chinese herb use,
Chang et al., Environ Res 2006;101:380-38 irregular menses



Cord blood Pb & birth outcomes In
Boston, 1979-1981 (n=4,354)

10.0-14.9 | >15.0 | RR (95% CI)

Out
HECOME ug/dL ug/dL per ug/dL
1.05
LBW 7.7% 7.0% 8.4% 9.8%
’ ’ ’ ° | (1.00,1.10)
1.02
SGA 9.4% 10.9% 12.3% 17.7%
(0.98, 1.05)
1.06
IUGR 1.5% 2.0% 2 4% 3.9%
(1.00, 1.13)
0.98
PTB 7.8% 6.3% 8.2% 5.9%
’ ° ° ° (0.93,1.02)

e Longer GA with higher Pb (P=0.0002), no association with BW (P=0.21)

e Adj maternal age, marital & working status, education, race, PI, parity, smoking,
EtOH & coffee consumption, diabetes & delivery hematocrit & mode

@ Bellinger et al., Environ Res 1991;54:151-158




Longitudinal Investigation of Fertility

and the Environment (LIFE)

e Prospective
preconception
oregnancy cohort with
longitudinal data
collection:

= 501 couples planning a
pregnancy in 2005-
2009, Michigan & Texas
(U.S))

 ldentify environmental

i nﬂ uences on h uman Your lifestyle or environment
reproduction could affect yoor fertility.

@ Louis et al., Paediatr Perinat Epidemiol 2011;25:413-424; https://www.nichd.nih.gov/about/org/diphr/od/research/longitudinal, accessed 10/30/18


https://www.nichd.nih.gov/about/org/diphr/od/research/longitudinal

Median bld Pb for women (19-40 yrs)
& men (19-51 yrs) vs U.S.

= LIFE Women

m U 5. Women (18-40 yrs.)
= LIFE Men

m U5 Men (18-40 yrs.)

0.72

Groups

0.98

0.00 0.20 0.40 0.60 0.80 1.00 1.20
Blood Pb (ug/dL)

Bloom et al., Environ Res 2015;138:118-129; CDC, 2018 “Fourth National Report on Human Exposure to Environmental Chemicals - Updated Tables,
March 2018”




Survival Function
0.0 0.2 0.4 0.6 0.8 1.0

Assoclations for pre-conception bld Pb
(1 SD) with fecundability

Female Lead

Cycle

Survival Function
0.0 0.2 0.4 0.6 0.8 1.0

FOR=0.82 per SD higher paternal Pb (ug/dL)
(95% CI=0.68, 0.97)

Cycle

Adj partner bld Cd, Hg, parental ages, BMI, serum cotinine & lipids, parity & study site

@ Buck Louis et al., Chemosphere 2012;87:1201-1207

1st tertile solid line, 2" tertile broken line, 314 tertile dotted line




Assoclations for pre-conception bld Pb
(tertiles) with birth outcomes

B for BL, cm

g 0°78 81.80 0.2 0.03
aternal 2™
/\ (0.37, 1.62) (-74.94, 238.55) (-0.48, 1.35) -0.68,0.74
Infant sex interaction (P=0.03): 4.85 0.14 -033
HR=0.81 for girls (95% CI=0.52, 1.27) 0.20 0.67 0.13
1.18 20. 0.19 0.12
(0.61,2.31) (-134.17, 175, (-0.70, 1.08) (-0.57,0.80

1.05 6291 0.61 0:03
(0.55,2.01) (-94.73,220.55)  (-0.31,1.53) _+20.72,0.67)
0.88 0.42 0.97

e Adj partner Pb, parental ages, smoking, income, race & serum lipids

@ Bloom et al., Environ Res 2015;138:118-129; Environ Res 2015;142:760-761



Study of Metals & Assisted
Reproductlve Technologies (SMART)

 Prospective cohort of IVF
couples using fresh, non-
donor oocytes

e Initiated in response to the
knowledge gap concerning
environmental pollutants &

periconceptual events
 Generate specific testable

hypotheses concerning

background exposures to

toxic trace elements & IVF
endpoints:

= 2007-2008 — n=59
couples
= 2015-2017 — n=65 couples

e Bloom et al., Reprod Toxicol 2010;29:298-305




SMART enrollment & specimen
collection protocol

Referral A
to IVF m
Clinic T

Baseline 5| Follicle hCGE Oocyte
evaluation stimulation retrieval
| 1@\

oes |
couples @ Insemin Selectlon

\ : / Transfer
Basellpe N Semgn l,

- @ A
e

Y

e Bloom et al., Reprod Toxicol 2010;29:298-305 .&




Median (95% CI) bld Pb for women (28-
44 yrs) & men (31-48 yrs) vs U.S.

| 1.32
200 4 = SMART Women
mU.S. Females (=1 yr.)
1.80 -
= Man - SMART
1.60 - 1.40 mUS Males (=1 yr)
1.40 -
3
™ 1.20 - 1.09
=]
£ 0.77
g 1.00 - T
=
m
0.80 -
0.60 -
0.40 -
0.20 - ?&d
rs,=0.48; P=0.09; n=14
0.00

Groups

Bloom et al., Reprod Toxicol 2010;29:298-305; CDC, 2018 “Fourth National Report on Human Exposure to Environmental Chemicals - Updated Tables,
March 2018”




RN NNNNN...=
Odds for higher maternal bld Pb (1

ug/dL) with embryo quality (n=24:190)
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Bloom et al., Reprod Toxicol 2011;31:164-170 . . o )
Adj bld Hg, urine Cd & creatinine, age, race, smoking & day of transfer



Odds for higher paternal bld Pb (1
ng/dL) with embryo quality (n=15:123)

=
=
£ 1.00
o
E
=
=
W
o]
iy
= |
= 0.75
e =
k]
=
=
I
= 050
=
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E - Woiiors
_g - |'|-|I
o L
% 0.25 " . -
= : . g Froportion Fragmented:
: - >s%ct | P i
T B i L R >10%
= 1.47 1.11,1.94 0.01
0.00 Reference: 0%
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 20 25

Covariate-adjusted Paternal Blood Ph {ug/dL)

Bloom et al., Reprod Toxicol 2011;31:164-170 . . L .
Adj bld Hg, urine Cd & creatinine, age, race & smoking



Assoclations for higher bld Pb (1 In
ug/dL) & IVF endpoints

| ' RR=3.95; P=0.24

Fertlized-Oocyte

Implantation

"F Endpaint

Farent:
m Faternal

Maternal

0.4 14 24 34 64 7.4 104 14.4 204 28.4 394
Covariate-adjusted RR (95% CI)

T T T T T T T T T T T T T T T

Adj bld Hg, urine Cd
& creatinine, age, race

e Bloom et al., Reprod Toxicol 2012;34:471-481; Reprod Toxicol 2012;33:126; Reprod Toxicol 2010;29:298-305 & Smoking




Association for bld Pb with FF Pb & SP
Pb

1.26 - | 1.25
. 3 rp=0.45;

. P=0.19; n=10

1.00 - o - 1.00

9: rep—0.19;
P=0.40; n=21

0.75 -| - 0.75

0.50 | m 05D

Log Follicular Fluid Ph {In ug/L)
Log Seminal Plasma Ph {In ugfL)

0.25 -| ar - 0.25

]
0.00 | _ - 0.00

: ' : ' ' ' o j Biomarker:
0.3 0.4 05 0.6 07 0.8 0.9 1.0 1.1 1213 1.4 1.5 1.6 1.7 18 1.9 20 2.1 2.2 Folliewlar Fluid

Blood Pb (wgfdty L. Seminal Plasma
e Bloom et al., J Assist Reprod Genet 2012;29:1369-1379



Associlations for SP Pb (1 pg/L) with
semen quality (n=30)
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Associations for FF Pb (1 /pg/L) & IVF
outcomes (n= 46)
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Assoclation between women’s bld Pb
& COL1A2 P407 % methylation (n=24)
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e lllumina GoldenGate Methylation Cancer Panel (1505 CpG sites) confirmed with pyrosequencing

e CollA2 product is a component of collagen/connective tissue

@ Hanna et al., Hum Reprod 2012;27:1401-1410



Environment & Congenital Heart
Defects Study

e Guangdong
Cardiovascular Institute,
Guangzhou, China

e Hospital-based case-
control study (2013-
2014):
= Nn=120 cases of ultrasound

-& clinically confirmed
CHDs

= N=108 controls

e Maternal bld at 17-40
wks gestation

e Assess assocliations
between bld Pb & CHDs

1712 AKX
i ‘ . W
Ou et al., Environ Int 2017;106:127-134 )
Canton Tower, Guangzhou, China




Median (IQR) bld Pb for women (19-43
yrs) vs U.S.

CCCCCCCCC




Risk for CHDs with maternal blood Pb
(N=219)
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Ou et al., Environ Int 2017;106:127-134 Adj bld Cd, Cr, Cu, Hg, Se, maternal age, BMI, education, smoking,
migrant & folic acid/multivitamin use, infant sex & time of collection



Interactions among blood Pb, Cd & Se
on total CHDs risk (n=219)
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Three for the road...

1. Impact of low level
(<10 pg/dL),
“background” Pb
exposure unclear
= Vulnerable populations?

2. Mixtures of low-level
Ph, other trace
elements, other
pollutants

3. Critical windows &
timing for biologic
effects & for measuring
exposure to investigate
human health effects

@ Restored Roman Roadway, Alba lulia, Romania




Thank you for your time this morning!
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University at Albany,
Main Fountain, Albany, NY

@ Questions, Comments, Concerns?
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