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Abstract

Many modern herbicides kill weeds selectively by interrupting metabolic processes
that are unique to plant life. For this reason, their systemic toxicities in mammals are
very low, which is due to the biochemical pathways influenced by these chemicals do
not exist in mammals, such as photosynthesis, amino acid or chlorophyll biosynthesis.
However, some herbicides have a poison risk if handled carelessly, and many are
irritating to eyes, skin, and mucous membranes. Paraquat, for example, is highly toxic
orally and can be fatal. Herbicides have the mode of entry into the human body same as
other pesticides, through the skin (dermal), by swallowing (oral) and by breathing
(inhalation). Therefore, it is important that all herbicides need to be handled carefully
and in a manner consistent with their labeling. Herbicides that fall directly upon the soil
or are washed onto the soil can undergo a number of processes including degradation and
transport. Degradation processes include biological degradation by edaphic
micro-organisms, chemical and photochemical transformations. Transport of herbicides
within the soil can occur downward into the soil profile (leaching), across the soil surface
(runoff), or upward into the air (volatilization). Most herbicides are organic compounds
and are therefore basically unstable in the environment. Inherent instability is essential to
prevent these materials from accumulating in the environment as compounds are
repeatedly used. Accumulation of pesticides not only poses environmental hazards, but
prohibits rotation to sensitive crops. Therefore to have a complete overview of the fate

and environmental toxicity, biological and chemical approaches have to be combined.

Key words: Herbicide, toxicity, transport, degradation, re-entry.
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SRR B zsm\éﬁﬂ~iﬁ$$4%ﬁoaﬁﬂ
Hrt w2 A 70 A (B2 F 0 20060) B ELF R FEAE &
£
}%

ﬂkﬁla\% mmﬁ%4.@fﬁﬁ%%él3§?%’%%$ﬁiﬂ
Zr F 38% > EFEREPMT HF 22% (2 0 2011) L EEHGHERFYE > 2
ffii%%ﬂﬁ$”ﬂm“\f7—4“€°wME‘w*“‘ AEE

SRS SN S EE S SN 2 RN ANEE EE ) ES S S
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P EE P e B B R A LT RG S Bk
ARTERTERERFE - AP 3o ENRS - TRA RS - RFgE
AP EHCRBRX2PECAPRIPFILE D LRI RR P e B E fodk T
AR BRI FREH I F LT RGN LRI PRSI OD AL EFE
LA R WA T G TRR G AR ek B (Y S ORARG &4 %
PHREEhFf o FIEHEF O PREARABRAR L K £ S p
W ¥ & (% 1) (Fishel, er al., 2009) e ig» 3 FvRF fi’r”?' ERCLY SR LR ?’1‘
T e ARWHERY 55 24D 2,4,5-T & 4 A (Agent Orange) » 17 5
e E A B iSF IR 2,45-T hf iEAEY A4 i B2 (dioxin) v 31423
Bz 3@ E AR kT eER kRS G SRk Ao (Stellman, ef al., 2003) © 4t
ER/TEE 3?'1 FOEARTIgME R EES (b B2 v JRER>E 283-344
mg/kg) ; FIE 24 A 0 AR FIRISHER S R & (EPA, 1997) -

A Th
\\‘ﬁ; \\\Xr W

-

LR RE D O R T RES BN R

75 LDs, (mg/kg) 2 LDs, (mg/kg)

= $ | paraquat ~100 B <7 9

= % ‘v triclopyr 630 phy e 192

Z s~z ¥ 24D 666 LA 192

5 18 [f] pendimethalin 1,050 1+ 4 #tylenol 338

¥ %LE atrazine 3,090 72 % -k (10%) 350

£ #4% glyphosate 4,900 1+ 7% Z codeine 427
imazaquin >5,000 s 3,000

(F#2 &R © Fishel, e al., 2009)
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h

MEE e S fE s B S n] s F AR R BRI R
PSR L o L EeRpe XTIV T4 fgo A 'ﬁ—ﬂ'l & #éf( R
RF A E Rt o F HRREOFI %R FRZER S L FfoRE o

d z?%.t}__%_ (LDSO) g,\:j_.z".\gé‘rg- y By 3]33%.};* HITk 2 _EL__Q ﬁ' 2 A G & «‘HIJ
PR ERAFEF FEAE ﬂ%%@ﬁ@%%%#%ﬂi%mﬁp%
# 2 (Hager and Refsell, 2008) ° & % — Tlr B #enr JREF Y LDs » 368 mg/kg » A
K &# 15 LDsp>2,000 mgkg Eppefatti T S RE va o BT 5
Danger ° &7 & Danger”m“]: A e - H:_v,r (quizalofop) ~ i# & "t (napropamide)
= 1 v| (paraquat) ~ +% (alachlor) ~ I & % (acifluorfen) ~ 3#./% (hexazinone)%
~if Iy & % (acifluorfen + bentazon) ° %7+ % "Warning” 7' EHET EF M T 0
EREp LRG> 858 v r B AR 25T o dopp
7 % (naptalam) - 4R 4% % (oxyfluorfen) ~ ¥ # % (glufosinate) ~ & # &
(sethoxydim) ~ %= % (oxadiazon) ~ #] ¥ F (clethodim) ~ & % '* (fluroxypyr) % -
#T & ”Caution”!ﬂ“,% FHEEF MO IR AR e d B HERpA LR ST 2 €
3= j@ﬁ(:rilv °

® A E 12,4-D & 24,5-T chg slaeef Juddr e 96 0 MHE 724,5-T §
%ﬂﬁﬁﬁﬂﬁi$ﬁ$(%Mm¢mlm%%wkwwﬁ*%ﬁ N
i pd Ko THRELFF LA FHOEF LT (Super0x1de) i# = e
POk Hid et AR R m e 2 o gL ’;é AL L N SN ’fﬂ E
FoooFle T R AeS guvﬁmﬁ%}m” DR e e 0 R o X
S P B A R B LR w#; %%4%ﬂw@ﬁw*ﬁe
(Smith and Heath, 1975)° 7 B & #3840 ¢ % e i iff?s"l 2_& & 73t & 3 (Reigart and
Roberts, 1999) -

I%jmw

2. % A A
Toxicity Label signal . Acute oral LDs,  Acute dermal  Acute inhalation
category words Skin effects (mg/kg) LD50 (mg/kg) LCS50*(mg/L)
I. High Danger Corrosive <50 <200 <0.2
II. Moderate ~ Warning Se;fg‘“‘zlgolfgon 50-500 200-2,000 02-2
II1. Low Caution Moderale irmitation 5005000 2,000-20,000 2-20
IV. Very low  Caution Mild Initation at > 5,000 > 20,000 >20

(7 #L %R : Hager and Refsell, 2008)
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L3 b FEgTAA R

Rat acute oral Known or suspected

Chemical class Common name LDsy (mg/kg) adverse effects
Acetamides Metolachlor (% % %) 2,780 Irritating to eyes and skin.
Aliphatic acids Dichloropropionic acid 970 Irritating to skin, eyes, and
(dalapon, ¥ 3 %) respiratory tract.
Anilides Alachlor (F= %) 1,800 Mild irritant.
Propanil (*% % &) >2,500 Irritating to skin, eyes, and
respiratory tract.
Benzothidiazole Bentazon (# i f4) >1,000 Irritating to eyes and respiratory
tract.
Carbamates and Asulam (7 i# %) >5,000 Some are irritating to eyes, skin, and
Thiocarbamates Butylate (< ¥) 3,500 respiratory tract, particularly in
Thiobencarb (#< ) 1,300 concentrated form. Some may be
weak inhibitors of cholinesterase.
Chloropyridinyl Triclopyr (= # +*) 630 Irritating to skin and eyes.
Cyclohexenone Sethoxydim (& #% %) 3,125 Irritating to skin and eyes.
derivative
Dinitroamino- Butralin (+“ i %) 12,600 May be moderately irritating.

benzene derivative

Fluorodinitro-

toluidine compounds

Isoxazolidinone
Nicotinic acid
isopropylamine
derivative

Oxadiazolinone

Phosphonates

Triazines

Uracils

Urea derivatives

Pendimethalin (*5 ¥ [])

Benfluralin (& £ %)
Dinitramine (3£ 7 %)
Trifluralin (= 4&#k)

Clomazone (¥ = §)

Imazapy (i% = )

Oxadiazon (%= %)
Glyphosate (£.# %)

Ametryn (3 8.%)
Atrazine (¥ % %)
Metribuzin (;& & %)
Propazine (§ #19)
Simazine (¥ /= ;%)
Bromacil (3. %)

Diuron (£ 7 %)

Linuron (32 3 %)
Metobromuron (3# £ )

2,250 These herbicides do not uncouple
oxidative phosphorylation or
generate methemoglobin.

>10,000 May be mildly irritating.
3,000 These herbicides do not uncouple
>10,000 oxidative phosphorylation or

generate methemoglobin.
1,369 May be moderately irritating.
>5,000 Irritating to eyes and skin. Does not
contain arsenic.

>3,500 Minimal toxic and irritant effects.
4,300 Irritating to eyes, skin, and upper
respiratory tract.
1,750 Systemic toxicity is unlikely unless
1,780 large amounts have been ingested.
1,100 Some triazines are moderately
>7,000 irritating to the eyes, skin, and
>5,000 respiratory tract.
5,200 Irritant to skin, eyes, and respiratory
tract. Moderately irritating.
>5,000 Many substituted ureas are irritating
1,500 to eyes, skin, and mucous
2,000 membranes.

(F#L %k © Reigart and Roberts, 1999)
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BN AIL TR AR BT LKA S ERE FER e i
BRI BRI EFEHRAY > BT T EFARZ SR EL M L BEDE
IS E X F (re-entry) IR IEFER (2% % 5 2010)° &2 If:»%’i/»\“fié*ﬂl’f *
(84| E » ¥+ FpF P (Zandstra, 2009) e

FEADE Y SRR 0 A AR R e S R FHIA F PR 25
#”'J?Mr T o A PIEHTIED AR g S FRF o eE S 3N

FAEFAPHEAL A FRIBAE TR FRARAY OFL 0 F0 YD
Sofe et o E R A BT LR R S e s RE RS ER . 7%
FAEYED R 4 7 R ARR P F ) (B 1) (Fishel, 2010)
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1,000 i g 18 4 o1 ZEA| 27 4 3 awn 4 2L 5 3"1 . {z FEREA BB f
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WR B GE PRI o BB R AR R SR D]
EZKE ~pH IEK’F’TP‘%EE&%°*E #3&7}&5”}5’}?\5? 52 4 EHE E Sy
'ﬁé F)RT 2 oS AR R o A JRAAR I MR TR FRC L Sd 2
AFEHBZEERNK L B F IR ST FIp o WAL 2 G RTIESR
22 FEAEHE A L E I ERFH ok o

FHECHEE R ER V2 Y hERE o A ERRY DERER S F Ko
aw;i§g$éi¢%®£%ﬁ’ﬁ%wbéé;f%ﬁAmm@’ﬁ#i%
o Pz EARogbp s S s o RS B2 BAAS R B BTRSR
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HA AT e AR R E AT 2 E > FIZA R R T EL f T2
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SO R F RO v R R o Rt ehpH B4 § BT

vl end st s B K30 g g ST oA gl ¥ 2T
2. (Volatlllzatlon)

TR AL R LR E L M~ F auBAR o L5 A BT o T R-EE
fidoin 5% DB AEF RSB IREL D R o S A L R
A S - RERAF2  rREALTFB M T F L3 3 e -
P ELRE AT EEE > AURICEA G R F BT o RS R i
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3. ¥ HFRFT (spray drift)
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F @ 35
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G)p e p et & Jﬁm%$ FEHLAR £ o ARV 5L b P A BET o
FHRACT A AT AR (T hE T o 4 T G TR R (T H
ﬁ%% b RASY ZATE cBATY TAHANMEE s RH B R A52 T 3
R FRIIA B AN ARBERA AR L CRIT R BEE AR K
4*ﬁ#m4%°@&m% COERURELDRROIHE  E T P
G ooRit
4. &% (runoff)
TRER S RGBT ER GBI BES T 5 F 0 ROk
s iR RS T R SR GRE B A AT o B AU R L Bk &
HE AL B S R ES L > T R A B o RESRIIRE BT F

TH R S 3BT R A RS TR B E R EFEFERE 2 L Eaugy o
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FATR2FAE Tk KRF 3y EPBI TP EIoL Tt £ o HH T
KEF AR 1“?#?‘?*171 | %+ % 5 (Hager and Refsell, 2008) °
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Fe 5. B ToRGAEES 2T R

Chemical class Commom name
Benzothidiazole Bentazon » i £
Carboxylic acids Clopyralid2 5. ¥
Chloroacetamides Alachlorf> %~
Dimethenamid-Pix ¥ ;&
S-metolachlo = 2% % ¥
Diphenylethers Acifluorfen; & %
Imidazolinone Imazapyri% j= &
Phenoxys 2,4-Damine= ~ 2 — I
Phosphonates Glyphosate £.54 %
Quinoline carboxylic acid Quinclorac- 5. ¥~
Triazines Atrazine ¥ " %

Metribuzinj= & 7%
Simazine ¥ ;= %

Uracils Bromacil 5. ¥
Urea derivatives Diuronif § 3¢

Bentazon+acifluorfen 4 if &y & %

(F#2 &k : Hager and Refsell, 2008)

FHEKEFFERLS T LIEY BE o BER S BR TR (2 ERFI)
R BRI RETR T B R iR ATEF AR Z MBOFE 0 R
EF AT F AR THE S TREOHIB AR 5 F (Itoh and Manabe, 1997; Kolpin,
1998) « FEHB B LR (4 0 AL ERFI RIS 2 LA K PTHH 0 ;G T
RFAEDT o FEPTEERBMAR GBI R FF o
Bk MIES el TP L FP 2 LB E G KRB ES E L
zw’¢¢ﬂﬁﬁiw—@ﬂ% a#*fﬁwgwm BHAIET
K R RER ATk B S o B S KA A B E - BT BE
SAERIE B (S ATRE Y ORI o B F]F R H T 0T iR R
BAIZ BRER N FEATLELRLE Y hiF L (% 6)(McBride, 1989) ©

R ELLES oy T—“r*'f' IR BEOPFEREL D IR T EH 2
FHERAL G RPN A 0 R RSFA oo b s DI g S R
B % (Weber, 2006) - * SR ke R Ehf b ks 2 G i aw) d ¢
@ﬁ-? Fawgkend B BRI o BB ol TORFEREW Y 0 R m«f?f'h‘ SRR
B (SRR A R RTE A a5 0 H R R R . '*'34 BMyapg i K,%
IA At Y g 2 MORERRRET T2 25 fi‘l@m%‘ﬁﬁvﬁiﬂ P AR o

I

VY
(.
o F’“\' M; —=
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26 RELEZNRELT €5 R T kg FS
Risk of Groundwater Contamination

Low risk High risk
Pesticide characteristics (B 2 3% 4)
Water solubility low high
Soil adsorption high low
Persistence low high
Soil characteristics (4 #4%")
Texture fine clay coarse sand
Organic matter high low
Macropores few, small many, large
Depth to groundwater deep (100 ft or more) shallow (20 ft or less)
Water volume (k £)
Rain/irrigation small volumes at infrequent intervals large volumes at frequent intervals

(F#31% : McBride, 1989)

6. = jz (absorption)

I RESAHE P FRES A P ez o < B TR - LA
#ﬁﬂiﬂi%é‘ﬁfigﬁfﬁtﬁﬁ”’ cFBE T AR O OARTAEF ARSI DR E
A AREiE BB 0 BB D H B AT T wafjrsw P ATHRE YT
WIS e (BRI EA) Vi 6 SRS TET ARG AR (TP o

~ % B 5% #2 (degradation)
g%&;g,i%ﬁ%i%ﬁﬁ’Qﬂéﬁﬁﬁﬁﬁi@ﬁ$a“ﬂ°%
EAMA P ~ (P FF Rfok P fRIE* 970 f2 o iT BT A F L B AKX
BE ARG R R Eni B S R o
1. 2 5 *% f32 (biodegradation)
gd B AN wAE KA T kA 4 f2 (microbial breakdown) 0 i ¥ E_A
e e Mtk ORI G G4 KRPES A cho BaCiE R i F 02 3 pH - R R
B SIAE L I N A LA gﬁ—dﬁ A fReE oo — At Rt
%2k ORISR o e {17 RIS ST R SR E R -
2. 2£4 $ |4 4 f2 (abiotic degradation)
(1) i* & » f% (chemical hydrolysis)
BEALIEY emmzid 2 CELMRE B o A fRenE Fiod e gd
FHER pH B~ FoREF M FLFIAAMEL R pH B o f2
Wi -

g

|

RN
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(2) £ & fz (photolysis)

BB LS fR2ER e 2 HAER e 2 2 “ffﬁﬂ" ¥k A iR
€% 3G - RO AR o A fREF R KR R R LZ R F
BF - ESRCOREIS K UPR LGRS 6 R LR L o
*”; CEP R ER R ELRR o REALLRFEFOE FRITY L DA R
I AR R R B

__,_,

ﬁ?,g,_r’ﬁﬂ j«f&-:',l‘jﬂﬁ’:,,ﬂ’d;gﬁ

- ~EAHIRRTL

¥ v 2 AP 01T PV (paraquat) 2 F 5 F (LDso<140 mg/kg) > % a & 5
IV ERSS > P FERE %@Zﬁ—g LB rm 2 BV R
HEBF2LHER S ﬁf TR EH B LFRERES S L AL 2 Er 4
BEBPF 2 LML Ko e iﬁ+1€; M ER B E G P &R
S i 2 R %zr’éé (nitrofen) ~ 2= ¥ (chlornitrofen) ~ 7 # @~ (PCP) > 7]
BERALATZ ARG B E:ﬂ“%’?ﬁ‘ﬂ&”ﬁ’?ﬁfﬁ’* ¥ o M@ A8 7k (Manson,

1986) » + 4 2 4 cp /w\‘/"i‘»,fi BEFET RAFEZ B HFHP AL D2LTER
B Y ¥ % (environmental hormone, endocrine disrupter) » #iT & B /L2 & f‘l\? B
YRR 2 ",4rf 3 &% £% (alachlor) ~ ¥ %/% (atrazine) % = ~» -# (2,4-D) ¥ (Nigar,
2009) -

BHEAa-k 279 2 A7 RS FEREHE LI HFMPF2ER
(degradatlon)"]'% #rk e (4 7) (Zandstra, 2009) ° ¥ i ié * 2 & fRE 2 FH T
s £ AR R SCIE SER S T 1 ,3'& F 3 (triazines) ¥t¥ T k2 5% o F HY
RE K4 RILR IR (atrazine) 0 (% % B T2 3 T RISV RIE g BH] o 4B
B 2§ T %ffﬂ BTk BEAH Y ARIEERLAT o
o OSBRI TORY 2 - ARG B 0 BT 2 BT
BFRHEEFELIL 2P ke ‘ffﬁf*ﬂlﬁiﬁh‘i&—;ﬂ i SRS
ﬁ ERPE FERAGTREBST R GE S F3 0 kP 2 TR

-

3
PR AR kB A RPR A TR AP EAS o
FEHG X A HAREIL A FF A& F ¢ £ bromoxynil, propachlor 4L &
s ﬁﬁ“$i7” e BLRE O BERHEFHE  HagY B4
¥

b2 B2 o4t TOREF RS 2 BFELRNES A EEART G ERES
PR E R o PR AR (Nwani, 2010) ©
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F T E RS Y (8 N ITIN R R k2
¥

Common Name Formulations Runoff /Leaching Potential '
24D = s~ v — 3.8L 3/2
* Alachlor 3 %~ 4E 3/2
* Atrazine ¥ % % 4L 2/1
Bentazon &£ K 4SL 3/1
Bromacil 7 ¥ OW 2/1
Carfentrazone ¢ # 3. % 2EC 3/3
Clethodim #] ¥ F 0.97E 3/3
Clomazone ¥ j=* B_ 3ME 3/2
Clopyralid £ 3. ¥ 3L 3/1
Dimethenamid-P 7% ¥ & 6E 3/2
Diuron £ 3 #¢ 80DF 2/2
Fluazifop-P &% & 2E 2/3
Fluroxypyr & # * 2.8L 372
Glufosinate &4k %" 1.67L 3/3
Glyphosate ./ % 4L 1/3
Halosulfuron % :i# I 75WDG 3/2
Hexazinone =¥ % 90SP 2/1
Imazapyr %= ¥ 2AS 2/1
Linuron 3273 3¢ 50DF 2/2
Metrlbuzin j= & % 75DF 3/1
Napropamide j=* % %t 50DF 2/2
Oryzalin 4AS 373
Oxyfluorfen 4 4% %~ 2E 0/0
* Paraquat = ¥ 2L 1/3
Pendimethalin %z {# [f] 3.3E 1/3
Quizalofop -k %~ 0.88E 1/2
Sethoxydim & # % 1.5E 3/3
S-metolachlor = *&% % ¥ 7.6E 2/1
Triclopyr = % +* 4L 2/1
Trifluralin = 4§k 4E 1/3

' The runoff/leaching potential ratings are from the NRCS Field Office Technical Guide, Section
II—Water Quality and Quantity Interpretations. 1 = large, 2 = medium, 3 = small.

* RESTRICTED-USE PESTICIDES.

(F# %R : Zandstra, B. H., 2009)
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