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Research	problem

Does	air	fumigation	in	the	banana	plantations	affect	newborns’	health	at	birth?
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Contribution	to	the	literature

Pregnancy	conditions	affects	fetal	growth	and	potentially	long-term	socio-economic	outcomes

(Barker,	1990;	Currie,	2011)

Environmental	and	air	pollution	affects	health

(Currie	et	al.,	2009;	Currie	et	al.,	2015;	Chen	et	al.	2013);	glyphosate	or	atrazine	use	(Dias	et	al.,	2019;	

Maertens,	2019);	and	the	effectiveness	of	environmental	regulation	(Greenstone	&	Hannah,	2014)

Pesticides	has	negative	effects	on	health

(Harari,	2009;	Del	Bene	et	al.	2016;	El-Baz	et	al.	2014,	Wickerham et	al.	2012;	Marcdante &	Kliegman,	

2015)

We	suggest	new	evidence	that	the	pesticides	pollution	caused	by	aerial	fumigation	activities	in	the	

agricultural	industry	have	negative	effect	on	newborns’	health	at	birth

Birthweight,	gestation	weeks,	likelihood	of	low	birthweight	(LBW)	and	preterm	delivery
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Take-away	of	the	paper

What	are	the	effects	of	pesticides	on	newborns’	health?

We	propose	pesticides’	exposure	measure	with	spatial	buffering:	distance	&	surrounding	surface

We	exploit	three	identification	strategies	to	solve	for	endogeneity	on	pesticides	exposure:

Seasonality	analysis	(main)

Mother	fixed	effects

Comparison	with	other	crops

Suggestive	evidence	of	the	effects	of	pesticides	on	newborns’	birthweight:

Birthweight	is	reduced	by	around	80	to	150	grams	when	the	newborn	is	in-utero	exposed

Stronger	effects	during	first	and	second	trimester	of	gestation
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Data

We	exploit	4	available	datasets:

Newborns’	yearly	registry

Banana	plantations	census

Pesticides	use	from	“Ecuadorian	air	activity	registry”

Satellite	map	of	other	crops	plantations
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Newborns	data

Information	of	the	mother:	marital	status,	ethnic	group,	education,	where	labor	took	place,	prenatal	controls,	c-

section	dummy.

Newborns’	characteristics:	birthweight,	gestation	weeks,	preterm,	LBW

From	2015	the	registry	includes	the	exact	address	of	mother’s	place	of	residence	during	pregnancy:	X,Y	

coordinates

We	study	the	pesticides	effects	on	newborns’	birthweight		from	years	2015	to	2017
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Plantations	data

2013	Census	of	banana	plantations	from	MAGAP:

Highest demand of agrochemicals

Nearly	7,400	banana	plantations	in	total

Around	70%	of	the	plantations	uses	aerial	fumigation	(using	airplanes	or	helicopters)

Exact	location	(polygon	maps)	of	plantations

2016	satellite	map	of	other	crops

Rice,	corn	and	cocoa

Manual	fumigation	(not	intensive)
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Air	fumigation	registry

2016-2018	registry	of	pesticides	use	from	the	“Ecuadorian	aerial	activity	registry”

X,Y	coordinates	of	the	application	of	pesticides

Type	of	pesticides,	toxicity	and	quantity	in	gallons:	6.7	to	7.8	Millions	gallons	per	year.

Nearly	90%	are	organophosphorus	pesticides	(moderate	to	high	toxic)

We	compute	pesticides	dosage	profiles	(Gal/Ha)	at	the	grid	cell	level

Calzada,	Gisbert,	Moscoso

The	hidden	cost	of	bananas:	The	effects	of	pesticides	on	newborns’	health

ESPOLSummer	2023

NBER	Summer	Institute	2023





𝐵𝑎𝑛𝑎𝑛𝑎𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒! =
1 𝑖𝑓 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝐵𝑢𝑓𝑓𝑒𝑟"! ≥

#$%&'()* +(,,*)!"
-!"

𝑠. 𝑡. 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒! ≤ 150

0 𝑖𝑓𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝐵𝑢𝑓𝑓𝑒𝑟"! <
#$%&'()* +(,,*)!"

-!"
𝑠. 𝑡. 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒! ≥ 150

𝐼𝑛𝑡𝑒𝑛𝑠𝑒 𝐹𝑢𝑚𝑖𝑔𝑎𝑡𝑖𝑜𝑛! =
1 𝑖𝑓 𝐺𝑒𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑚𝑜𝑛𝑡ℎ𝑠 𝑚𝑎𝑡𝑐ℎ𝑒𝑠 𝑖𝑛𝑡𝑒𝑛𝑠𝑒 𝑓𝑢𝑚𝑖𝑔𝑎𝑡𝑖𝑜𝑛𝑠
0 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

Sample	to	analyze

𝑆 = 𝑖: 1 0 ≤ 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ≤ 2500 ! = 1

Compare	the	difference	between	newborns,	whose	gestation	stages	matches	the	months	with	intense	
fumigations,	relative	to	the	exposed	newborns	whose	gestation	stages	occurs	during	months	with	normal	
levels	of	fumigations,	and	the	rest	of	newborns.

Empirical	strategy:	Seasonality	analysis
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Coefficient	of	interest		𝜃 capture	the	net	effect	of	the	increase	in	the	intensity	of	fumigations	on	the	newborns	
gestated	in	the	exposure	area	during	the	Zth gestation	trimester.

𝑋! represents	mothers	and	newborns’	characteristics.

Fixed	Effects:	Birth	cohort	(𝑚,	𝑦),	grid	cell	(𝑗).

Bootstrapped	S.E.	(1000	reps),	clustered	at	the	grid	cell	level.

Empirical	strategy:	Seasonality	analysis
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Table 2 - Effects of the seasonal intensification of fumigations on birth weight and gestation weeks 
 Birthweight 
 (1) (2) (3) (4) (5) (6) 
Banana Exposure -48.58 0.998 -37.59 -33.93 -49.38 -5.965 
 (39.57) (50.21) (47.72) (43.96) (51.55) (47.67) 
       

Intense fumigation during 
pregnancy 

 29.64***     
 (10.09)     

       

Banana Exposure x Intense 
fumigation during pregnancy 

 -80.02***     
 (30.81)     

       

Intense fumigation during 1st 
Trimester 

  17.58   24.19* 
  (14.23)   (14.03) 

       

Intense fumigation during 2nd 
Trimester 

   14.34  20.09 
   (15.04)  (15.65) 

       

Intense fumigation during 3rd 
Trimester 

    8.135 18.26 
    (17.88) (16.27) 

       

Banana Exposure x Intense 
fumigation during 1st Trimester 

  -47.44**   -74.29** 
  (20.58)   (32.61) 

       

Banana Exposure x Intense 
fumigation during 2nd Trimester 

   -63.09***  -75.40*** 
   (20.40)  (24.44) 

       

Banana Exposure x Intense 
fumigation during 3rd Trimester 

    4.933 -43.17 
    (23.54) (37.84) 

Mother’s controls X X X X X X 
Month x Year F.E. X X X X X X 
Grid F.E. X X X X X X 
Observations 21,393 21,393 21,393 21,393 21,393 21,393 
R2 0.1096 0.1102 0.1098 0.1100 0.1096 0.1104 
Number of Clusters 151 151 151 151 151 151 
 





Robustness	&	tests

Mother	fixed	effects:	All	mothers	and	sub-sample	of	mothers	that	stay
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Coefficient	of	interest		𝜃 capture	the	net	effect	of	the	increase	in	the	intensity	of	fumigations	on	the	newborns	
gestated	in	the	exposure	area	during	the	Zth gestation	trimester.

𝑋! represents	mothers	and	newborns’	characteristics,	and	birth	order	and	intervals.

Fixed	Effects:	Birth	cohort	(m,	𝑦),	grid	cell	(𝑗),	mother	(𝑘).

Bootstrapped	S.E.	(1000	reps),	clustered	at	the	grid	cell	level.

Empirical	strategy:	Seasonality	analysis
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Conclusion

We	contribute	to	the	literature	that	analyzes	the	effect	of	environmental	pollution	through	the	effect	of	

pesticides	on	newborns	health

We	suggest	new	evidence	from	pollution	caused	by	air	fumigation	industry

In-utero	exposed	newborns’	birthweight	is	reduced	by	around	80	to	150	grams

Pesticides	have	a	stronger	effect	when	exposure	occurs	in	the	first	and	second	gestation	trimester

The	results	are	robust	when	considering	other	specifications

Distance	matters,	but	the	surrounding	area	and	the	length	of	exposure	matters	much	more!
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Public	policy	implications

Results	suggest	that	the	regulations,	if	any,	have	not	generated	the	expected	results	on	birth	weight:

Review,	control	and	enforce	regulation	on	traded	agrochemicals	

Non-compliance	– There’s	a	need	to	enforce	it	and	to	make	it	effective	

Reconsider	and	redesign	the	protection	distance

Introduction	of	protection	protocol	targeted	to	pregnant	woman	living	or	working	close	to	plantations
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Thank	you

Contact:	hmoscoso@espol.edu.ec

@henry_bernard
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Robustness	&	tests

Mother	fixed	effects:	All	mothers	and	sub-sample	of	mothers	that	stay

Learning	effect?	à No	learning	effect	when	exposed	to	interaction	term

Selection	into	gestation	timing

Variation	in	the	exposure	thresholds	à Shorter/larger	threshold	denotes	a	lower/higher	effect,	respectively.

Direct	measure	of	pesticide	pollution:	Buffers	with	data	on	aerial	fumigation	of	pesticides	à Same	results

Dognut design	(excluding	those	between	150	to	250	meters	from	plantations)	à Results	enhancement

Placebo	test	with	other	crops	à No	significant	results

Falsification	tests	à No	significant	results
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