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The Clinical Feature and Prognostic Factor of
Glyphosate I ntoxication Patients
Hee Min Eun, M.D., Jin Hui Paik, M.D., Joo Hyun Suh, M.D.}, Jin Hee Jung, M.D.2,
Eun Kyung Eo, M.D.2, Hyung-Keun Roh, M.D., Ph.D.*
Department of Emergency Medicine, College of Medicine, Inha University, Incheon, Korea
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Purpose: Glyphosate is widely used and its toxic exposures are not rare. Occasionally, glyphosate intoxication can
lead to death. The aim of this study is to analyze clinical findings and fatality in glyphosate intoxication.
Methods: Clinical data on acute glyphosate intoxication were prospectively collected at 28 hospitals nationwide
between August 2005 and July 2006. The patients’ clinical symptoms and characteristics of fatalities were investi-
gated and statistical analysis was performed.
Results: Among 105 patients who were finally included, gastrointestinal symptoms(59%) were the most common. A
significant difference in the amount ingested was observed between patients with higher systolic blood pressure and
those with systolic blood pressure less than or equal to 80 mmHg (p<0.001). The more the patients ingested, the
more aggravated their mental status became (p=0.004). Seven patients(6.7%) died, and all of them had ingested
greater than or equal to 200 ml. Patients who died had ingested greater amounts than the survivors (p<0.001), and
their mental status was worse (p<0.001), and systolic blood pressure was lower (p<0.001). According to the result of
logistic regression analysis, relative risk was 24.1-fold higher in the ‘poor’ mental status group compared with ‘good’.
Conclusion: Patients who ingested large amounts of glyphosate showed poor mental status and lower blood pres-
sure. Statistical difference in amount ingested, mental status, and systolic blood pressure was observed between
survivors and patients who died. Ingested amounts and mental status were the most important factor of the progno-
sis of glyphosate intoxication.
Key Words: Glyphosate, Herbicides, Poisoning
=19 20134 9% 30Y ATNS 01 2013 102 23Y AN E

2
0°
>

N
#Zhod

X

11981 K]

Al 292 Lo/ gatete(st )
Tel: 032) 460-8468, Fax: 032) 460-2390

E-mail: keunroh@ gachon.ac.kr

=13
=

Moo
08 o
JO
S

ZelZAolEL vAEy AzA F S dA §7]
B2 BAH $E4e 2T B, ANDAA, T2 A
Alsk o] obalol A ZUlE ErhE ekt Ao e

J KoreaN Soc CLIN ToxicoL / 89



UHerdat=4stalX\ Ml 112 M2 S 2013

= opmit Aol B4 &4l S-enolpyruvyl-
shikimic acid-3-phosphate synthase 2] &2 A A=
Zrgsto] o] A7 YlE AMES X33 TRFECNAA
+ vl FAdo] Aulgt How dHA Yok, AA ¢
guetE )23k ofaJol B A Fellx] 7HE Bl *}%5]7
UE A 2A F 3R, HZ Aol 5L o] S5 F &
< HHEste 84t 5 F7bske A Ol ok, UH
o] TEIAE= ol BA &2 A9 A3 Foll 59
A5 Yol Bol BT slo] IEEHY, AFs
FAlollA TEFRA, AR, &3 Fo FF5 54
APgo]l RAlE L Qe ? ujo AT S8 EA o]
o] o Fe o] thet BR A7 P H v} 3l
S E Ao A HEE o= g AT =
ATt olell AAEL FEAF A oA tHFHA L F
tg-?ﬂ% %‘U} Ul 287 B tte s S XA
=74 Aol ekt 2 AFgEEAte] SA4]of st
?i:r%}?i‘:}.

oy Jt oy Az mi

g

Ji

=
5

—n

, B

£ m B 2 Lot o} do o 4o o

i SH
1. o

2, 2005 895H 2006
2l B ZelTAIE 7
4 %%s‘&x} 192%194 P B 2ARYL, o] F 7

2 GEol gl 57HL AL 1059E AF AT o3

ue] AR Y LzE Rl o5 +48 A2E B2, 4
A%, AzA 7, A%, & Fol s, U744

e A

= =

of ARES BN, o4 FEE B, dolHAlo] u
=

e

oI5k DA ATl FFS vl F 9 AW ABY
o 7lgoz Astol, 22 1 of3

b SEte] folge
B9 B, 94 $E, 94
FAE A 0= 243}

o }:L

90/ J KoreaN Soc CLIN ToxicoL

3 Aol Mol W5 Halstgch,
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A £4& SPSS version 12.0(SPSS Inc, Chicago,

USAIE ol g3t gla, Ael EHol glojA] A&uss
BT L EFAAL, WFY AL s AR EA
sheleh. W 1o glo] AsusE

e helAlE A%, o
g v A o= ANOVA(EAHEA | analysis of vari-
ance)s= A3t e, ojul pgte 0.05 vl B+&
Eﬁlxﬂ. °o% Tr—ﬁ‘} 7/\3 adekst ek, Abgolitoll thsh
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1. 47 ChAIRR| S
oA S At 747, ol%h 313 olglar, thol (B +

Ah)= 54.07:15.5*1], TEFS 195,4i 131.3 ml=2
247k 202.4+131.3 ml, 171.8%£130.9 mlo] At}
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gl ol M
to S AN

o AL A 627, AbaL 134, W) 307 0]z, |
e AT AFEL 82.7%01AEh. WY 7A 2] Al7he
43E85AKt 0.2 Hagd HUlgi2 03411, 64341
olict. WAl oA FEZ WE 817, dojAA
HES 107, F5A= <l vk 87, vk fle 693,
W Al =571 D] 80 mmHg ©]sh= 107 0] it 62
ol o4, TE, AN BHgte] &3y l %5*0 327 0]
=3 3, w471 G 571 T4, 2990] oA
=, Ay ol oXwste] AR %*o‘ 26“5‘01 A,
R A E 5o AEdA S4e BAtH(Table 1). )
A7 F, 370] SFAAA, 480] A F Abgste] &<l
AR 84 = F 701U

o)A FFol 2 S5 WES o2 AE 1809+
114.6 ml, AAX Al ¥kg-3h= AH] 143.0+1103.5 ml,
EZ2170] 8h83t= AFH| 272.5+1182.6 ml, ¥H8 Q=
A7) 340.0£198.1 mlE2 EA1 &2 zpo]E ® Yt
(p=0.004). 5+%7] E3}o] 80 mmHg ©]5k2l 7392 &=

L 304.1+160.2 mle]le ™, 80 mmHg %3 ujjo]
£ 172.01£114.2 ml2 FAHR] 2Fo] & E Ak (p<0.001).
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71(62%: 192.8+125.0 ml vs. 75%: 194.2+141.4 ml,
p=0.959), 3&71(32%: 209.4+159.7 ml vs. 72
186.4£117.3 ml, p=0.411), A7 A (29%: 202.4£140.5
ml vs, 76™: 189.9+128 4ml, p=0.665), 3 7](263:
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Table 1. Clinical characteristics for 105 patients with glyphosate

intoxication

Clinical index Observed data
Age (year) 54.0+15.5'
Gender

Mae n 74 (70.5%)

Female: n 31 (29.5%)
Amount ingested (ml) 193.4+131.3

Male 202.4+131.3

Female 171.8+130.9
Elapsed time from ingestion to admission (hr) 4.3+85'
Hypotension*: n 10 ( 9.5%)
Death: n 7( 6.7%)
Elapsed time from ingestion to death (hr) 8.8+10.0°
Clinical Symptoms

Gastrointestinal 62 (59.0%)

Respiratory 32 (30.5%)

Nervous 29 (27.6%)

Cardiovascular 26 (24.8%)
Mental status’

A 81 (77.1%)

\Y 10 ( 9.5%)

P 8( 7.6%)

u 6 ( 5.7%)

* Hypotension: Systolic blood pressure<80 mmHg

" Mean+SD, SD: standard deviation

" Mental status: A: alert, V: responsive to verbal stimuli, P:
responsive to painful stimuli, U: unresponsive
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221941415 ml vs. 79%: 184.0+127.3 ml, p=0.203)
oA SAAQ ApolE HolA| sknt. £317], 3571,

ABA, €87 5 ASE dAsdE e NeTed 55
& Atolo= FAIA ztol7F §IATH(p=0.760). AFgAH]
H2A =2l 200 mlE 7|Fo 2 1 o)4F Hyle] T
S E S o vol, il AR, o4 &, 1A Als
52t Azte] gl E SellA SAIEHA Abol7t ¢l
Kok, AE(p=0.039)3F +57] U (p=0.022)14 &
Azt zto]7t dATH(Table 2).
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(p€0.001). K3 APt AETE] S5F-E 247} 360.0
+177.1 ml, 181.,5£120.0 mlga, 37| ¢ 247
81.1+45.0 mmHg, 121.3£26.5 mmHg® o]& &3t &
AA 2ol BTk (p(0.001). AFFEe] Lol 650+
16.7A4), A& Yol 532+152M2 FASHo =
zo)7h gl ot Abgo] AETHY U 52 BFE H
At (p=0.052). 223 WL7HA 2] AIZH(p=0.696), ¥
(p=0.671), A A= oF(p=0.711) FollX= SATA
zpol7} AT, 47kA] AlSE Q7d5d A vlEel glof
Mz Aol &AL 7ol FAISA o]zl YAtk
(Table 3). 792l A=A} 5= 69 0] isopropylamine salt
of glyphosate-polyoxyethyleneamine (POEA) A|A| &

5 o e WO ogke AEHe 2HX

Table 2. Differencesin clinical findings between amount ingested |ess than 200 ml and greater than or equal to 200 ml

Clinical index <200 (n=51) =200 (n=54) p vaue
Amount ingested (ml) 87.6+47.8" 293.3+103.6
Age (year) 52.5+14.5° 55.4+16.4 0.344
Gender (female) 20 (39.2%) 11 (20.4%) 0.034
Elapsed time* (hr) 41£6.2° 4.4+10.2° 0.867
SBP' (mmHg) 125.4+23.8° 112.2+33.0° 0.022
Clinical symptom
Gastrointestinal 27 (52.9%) 35 (64.8%) 0.216
Respiratory 14 (27.5%) 18 (33.3%) 0.513
Nervous 15 (29.4%) 14 (25.9%) 0.690
Cardiovascular 10 (19.6%) 16 (29.6%) 0.234

* Elapsed time from ingestion to admission

" SBP: systolic blood pressure
" Mean+SD, SD: standard deviation
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HlOlE AAE SEsch WY FAAA 204 BFE 200 ml o[4S S5, 200 ml o) L5
2 347kl Aeh 29 5417kl Aek(Table 4). GRS AFES] AEE 13%(7%/548)0lAek. 200 ml o]

Table 3. Differencesin clinical findings between deaths and survivors

Clinical index Deaths (n=7) Survivors (n=98) p vaue
Age (year) 65.0-16.7 53.2+15.2' 0.052
Gender (female) 1 (14.3%) 30 (30.6%) 0.671
Elapsed time* 3124 4.4+87' 0.696
Amount ingested (ml) 360.0+177.1" 181.5+120.0 <0.001
Suicide attempt 4 (57.1%) 58 (85.3%) 0.711
Mental status (good'/poor ™) 2/5 (40.0%) 9/89 (10.1%) <0.001
SBP' (mmHg) 81.1+45.0 121.3+26.5' <0.001
Clinical symptom
Gastrointestinal 5 (71.4%) 57 (58.2%) 0.698
Respiratory 4 (57.1%) 28 (28.6%) 0.196
Nervous 3 (42.9%) 26 (26.5%) 0.392
Cardiovascular 3 (42.9%) 23 (23.5%) 0.361

* Elapsed time from ingestion to admission
" Good: aert or responsive to verbal stimuli
" Poor: responsive to painful stimuli or unresponsive
¥ SBP: systolic blood pressure
SD: standard deviation

Table 4. Clinical characteristics of fatalities

Gender*/ Givoh SBp Amount Mental

Age oprose alb’ (hr) (o) ingested e Cause of death
(years) (mi)

M/42 Unknown' 3.3/17.3 Uncheckable 300 U Multi-organ failure
M/89 IPA-POEA' 7.4133.0 118 300 A Respiratory failure
FI73 IPA-POEA 1.1/28.1 90 200 P Unknown
M/66 IPA-POEA 4,9/34.4 20 700 U Respiratory failure
M/70 IPA-POEA 0.6/3.6 140 250 A Unknown
M/44 IPA-POEA 1.2/29.0 60 500 P Cardiogenic shock
M/71 IPA-POEA 3.075 70 270 U Unknown

* Gender: M: male, F: female
" a Elapsed time from ingestion to admission, b: Elapsed time from ingestion to death
" Mental status: A: dert, P: responsive to painful stimuli, U: unresponsive
* Unknown: The trade name was Burndown
IPA: isopropylamine salt of glyphosate
POEA: polyoxyethyleneamine

Table 5. Difference in mental status between deaths and survivors among patients who ingested greater than or equal to 200 ml of glyphosate

Deaths (n=7) Survivors (n=47) p value
Amount ingested (ml) 360.0+177.1* 283.4+86.5* 0.301
Mental status’ A 2 (28.6%) 39 (83.0%) 0.001
Y, 0( 0.0%) 4( 85%)
P 2 (28.6%) 2( 4.3%)
U 3(42.9%) 2( 4.3%)

* SD: standard deviation
' Mental status: A: dert, V: responsive to verbal stimuli, P: responsive to painful stimuli, U: unresponsive
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S5% FAEE PR AEAR YFUS W S5
2 747} 360.0+177.1 ml9} 283.4+86.5 mlg EA A
z1o]7F §11t(p=0.301). ¥FH F Fek 7k o] 2] =30 H]
oA FAIEHA zto] 7t °‘°*E}(p 0.001)(Table 5). 2]4]
FEL APETA 2%0] BE, 27 0] FFAF WS,
o] vk Qleo|dd Wk AEFoA = 39%‘(83.0%)
o] 3zt WEgon 4o dojz=o b, 21o] §
FAF | vhg, & ohE 29 o] g glgol ATt 2| 2Y
AR S B3l 5%, AN ., £5718% 9] 9FS
M2 BAARE o Abgolie] tigh S5 HuEE
200 ml 27 300 ml o]3lE L=} PGS AL
12.3(0.9-166.6), 300 ml 2#}= =YL 4% 6501 4-
239.8)0] 3L oA FEol JolA= 24.1(2.1-2283.5) 0]
AcH(Table 6).

L,L
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1 #

ZE|ZAO]EE LD509] 5,000 mg/kg o]/do 2 u]%
Environmental Protection Agency SA&E-F24 &
= IVES] A5 AZAZ EREL], BAZA olFol4
ofe] Qo APl 1.9%-29 3%0] o2t Foz
Haxo] gt} B AFAFNANE 6.7% AFEES Ko
SEZA|E F5o o3 AGEo] A3 AA G A
AR}

ST EA | Ex ofd oM o adE FUAI7I7] Al F
2] S| EA ol EH 74]”4%’“*“, HxA, SFA 5
o] o] o] EFH A, FEA, vEAl T2 A
|5 Ielle 24k, 22, BeEd, :La]r*]e—,
=, e, Evte 59 o AFol fEEHAL
o oy APH AFolA, SYEACE dEEGg=
POEA T9] ARZ4A7} o] xFEJE vl F4¢] o
S Avta Bad H} U B Aol M AbgAL 78 T
6'8¢] POEAS gt S EA|EE S5st3=d ¥
o] FAAES & 7 ek 2eu AR AT

Table 6. Logistic regression analysis for fatal risk of glyphosate

SEEA| 0| EQ] A& S7HA7IAY POEAE 3t
A7t 2 ARSAA R o 2 A4S et
AT= obA 71l oo il AF7F asiohal ¥
Hp,

SYEAC|E 52 F= Ztﬁ} l, 3871, AE
273A, A d 18, o Foll o 2t
HA Yo, FEZ] 27 FHOE Lee T2 AFTE
(79.5%), 7-9 B TE(73.8%), & H(41.2%)=, Jeong 5"
& TA(56%), TEG6%), AFE(33%)E Histgirh.
ol AT M= 629 (59.0%)04 43}7], 327(30.5%)
ol Al Z571, 2978 (27.6%) X A7 A, 267 (24.8%) ol 4]
T $%E Bol e dF9) viA R A3|A|
7ol RIS A & 5 AT 5ol BA &
2 739t 7 7 2 98 o] FHE S 1:}

7} 24A17F Yol 24 =] & S glo] Sl EEe
° 2 dHA Jout, HF 5 Aldde A E, ARE, *J#
A, & 5 A¥H YT AP o] F . &
AFNA FE5Fo] BETE 2 FFo] vitet, B8
gk gkzto] S-EFo] AdojA Al RE-3-3t= SkatET} U @
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S8l 44 ‘lf—jf AL A3t 9}, wak A 5

| S dubHo 55 T 48AI7E ol

Stk A Qe B AFM T Abga BF
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L #AN A2 AgE Aol

Adjusted OR

Deaths (n=7) Survivors (n=98) and 95% Cle p-vaue
Systolic BP <80 3 (42.9%) 10 (10.2%) 1.1(0.1-12.9) 0.956
Poor Mental status 5 (71.4%) 89 (90.8%) 24.1 (2.0-283.5) 0.011
Amount ingested (ml) - -
=200 1(14.3%) 66 (67.3%) Reference -
200-300 4 (57.1%) 25 (25.6%) 12.3(0.9-166.6) 0.060
>300 2 (28.6%) 7( 7.1%) 6.5(0.4-108.1) 0.194

2 OR denotes odds ratio, and ClI confidence interval
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