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Inhibitory Effect of Glyphosate on Toxicity of Heavy Metals: A Case Study on Photobacterium phosphoreum T3
ZHOU Chui-fan'?, LIN Jing-wen?, LI Ying’, WANG Yu—jun", ZHOU Dong-mei'

(1.Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008,
China; 2.College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract ; Glyphosate ( N—[phosphonomethyl]-glycine, GPS) is one of the most widely used herbicides in agricultural and forestry produc—
tion. It contains functional groups of amine, carboxylate and phosphonate that can form strong coordination bonds with metal ions and thus
may affect the bioavailability and toxicity of heavy metals in soils. Therefore, a laboratory experiment was conducted to investigate the inter—
actions between GPS and heavy metals(Cu and Cd ) with respect to their acute toxicity to Photobacterium phosphoreum T3. Results showed
that the toxicity of Cu and Cd to photobacterium was very strong( ECs, was 1.28 mg-L™ and 0.89 mg- L™ for Cu and Cd, respectively ). The
GPS obviously decreased pH in the media and possessed much greater toxicity to photobacterium ( ECs, was 35.9 mg+ L") when the medium
pH remained unadjusted. However, GPS did not show toxicity when the medium pH maintained at 5.0. The presence of GPS obviously re—
lieved the acute toxicity of Cu and Cd to photobacterium. Increasing molar ratios of GPS/Cu and GPS/Cd significantly decreased the toxicity
of Cu and Cd to photobacterium. Copper toxicity disappeared at GPS/Cu molar ratio greater than 1. In conclusion, GPS could modify specia—
tion of heavy metals, and thus their toxicity in GPS and heavy metals co—existing systems.
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Figure 1 Molecular structure of glyphosate
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Figure 2 Toxicity of glyphosate to Photobacterium phosphoreum T3
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Figure 4 Toxicity of glyphosate and Cu interactions to

Photobacterium phosphoreum T3
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Figure 5 Toxicity of glyphosate and Cd interactions to

Photobacterium phosphoreum T3

PE) o AT R, EFE T pH AT B0 T S B
X TR S S B A B R e, BB HERR pH 52
)R TR X & YRR T LT TR . A2, R
Z B S AR B BT R (B 24 ) X R RE bR A= 1 8 AR
IR 2= J0 5, N Uchida 887 305 H X  # £. (0-
ryzias latipes )BEVEAR /]S , 2 B8 AL T I v LR o
PR fn 2 A S TR R TR AR Ak ; Atkinson SFSRIFSE T H X
2R —AREE RS T & B i A5 R R
XF AR BN R B YT B ) s FATT A A B
X 45 (. fetia) S ik P A0S Pk 3 M 38y i 9
R 30 e A BT e ) [ A SR S 1 B
FAREPR,
A W R W BT g s X AR SR AR A —
B R , A0 T SO AR 5 24 R 9 B R g o )
R ICER T A B AR R, A0 i 23 Bt A i) 71 <
I BE A3 A I 355, J5E DR PT RE RN R 85 (1) pH R 115

MR AEAE S AR AT 5o Bernal S8 IF 9T R HH , B
SR 0L Y S ST A B B (e s S B
TS P LA 4 ) %o kA I 2 g 5, SR T 1k ) 3R
AR HEAR R RS 00 B it A L 1) R} 1 R 2
AR BTE AR A5 B 5 D, 7 e M A ) AR 1 L 3 4
Jn. Howe SEMFHELH BEF 5 a1 B & DL R 2
AL NG RIS MR X 4 bt 26t dh T 2 v B
PEXT LGRS, XoF B H TRt 2 B 43 B ol 300 A B R/ N ik
ATV HCIFIAA « B gl 5 P ek < PR < Pl ol
FN<FIANE PR o RIAS [R5 T Rl ol ) PR HC ) 750 4 A
BT AN, BRI NA R

AT GERRE, R A BRI
SHE TS/ BT pH R, BEEFEAR Y pH 4
JR I R G A7 3 W M, H ECs, 2 35.9 mg- L5
Tsui ZFP 45 R, v] RE £ 22 i TR FR X &
TG A T B . TR TR R A BRI b,
TA ?XUMZIUFHii%%L ORI A R pH 28 ik
TR %, I B R pH BTN pH 22 nf
A, LARR pH BEARITZE S A i 2k
3.2 A BRI E B F R

PR ICH R R, AR Cu.Cd AR5
(RN , AT BRI S A — 350, R R G B R 1
AR 32 31 H 4 JoihaE B, R S B TG, 0l A
5 R R 0 I A MR SRR A . IR R R G &
S FTHCEE (9 S LRI A i F ) o, 5 &0
DA IAROG o 254 8 S5 W BT A2 AE AT e 4 il
T RGN AZ R B B RS AR, 2 A AR
T YHTA AT S, 3 $4 R e A TR A ' 1Y) EE ]
2o A, BT R NEE S T AR AR AT A0 5 e
28 0 P 81 2R A 2 2 R A LR DA T 55 il ¥, B
4R e AN MR (2 M I 20 MR | AR
Fl, AR A R AEYAEL T UE Cd BBEEZE
AW ICER Cu R (ECs 3541 0.89.1.28 mg- L),
JFE AT RER 5 Cu #HELER, Cd 5 R OGR4 A B R
(RS , RIS SR A ] 1 A6 B & s Y 3K
— 25 IR BB I M R — 8 .
3.3 EHBEERE BN EXR SR

BEBWEYFEEAM G L EAREA X, HER
KEE FiHIESIGE, KH%% Sy s N D]
BN, HOE S MEEE RN pH R B8
JE A AL TCHLE S P gm0 B
4R E A TS YA H R IR A5 ekt
VE R — Rl AL BC A s B A mT BB X B2 4 I 1 st ™



RIS, 45 - 50 T 3OS T — LRI (Photobacterium phosphoreum T3) Y 2333

SO o X 235 SR B T R 4 T Y B A
R, BRI E S S Cu Cd Xb R
e EEE, BRI AEPUEN .. X RV ESR A4
BEE F R H A EE B 7 g R, R
41 ~COOH -NH, ,~PO, 2 FiL {7 FE A, 3 465 [ %
S8 BB T AR SR N, B S G,
Cd* KA 454 KV, Cu Al Cd 43 3| LA Cu-GPS il Cd-
GPS & G IRMIE UAAAE (XI5 8 1 & JB AR s 1k
R/, HERZETCREFERDM, Wb T H B SR Cu®
Cd*Hefi] . X EGHE T Morel zhie, RIINIRE R G H
PN i A S Y G S AR Cb 2 ol 7 2 Gl )
TawE RS, WRESSSRSTS SR,
M FEAR 4 S s B etk . S 4h, o i S 4
JB B F I G RE )2 AR B IR SR S, RE
HES =& RmaE i, Mk, — Wi, —
WrEg TS Cu®, AGRIGZE R I R H B AR IS 15
52 Cu XAOGE I, H 2 Cu FIFH R 55X &
R TCRES , AT e H oS 2 Cu™ 48 5 s H
HTFHEERES Co 5 r AMREE LS Cd B/E1 A
e/ ML, IEH S Cd 254 e fa e vk
Fe 5 Cu 554521, 3 B HBERT Cd BRI 2
Lt Cu #EPER IR EE 55

TE SR B X Rh R K 25 & T RE , L HLA& T
R A= BT, — 5 T B H RS 25 S AR A 2l
W A AR NI AR W0t 43 & B 11
W, i Eker SR BRI, BTG5 VR T B H R
Retgyli b H2% (Helianthus annuus L.) X0 it
Fe 1 Mn @M I, FATTSE Hir A9 WFSE [R) AR IR BH 5 1 R
FE A% Dokl e W51 X6 Cu () W AT , DT AT Cu % it 5] 71
SVETEMECRIE S TR 5y — T 4 R B T RE S
5 R R4 A T AR XA i Bk, A
FAEFEPR BT R YT Cd GBS AR S v BE = T XTI
F R E Y REE SR Cu AP E L —ERRE B
R BRERT/INAE R 2 R 2R R A T,

HoAh 235 XA ML A AR B M TR 2
WFE, [RIA 2 B < s o) A D A B Pk AT S8 AN AR
B F4 Jm i S, T A A AR A & AU
K, TSR A HLECAR A 25 5% 4 Jm B A= A ek
BEPE e oA A TE A Y . 41 Halvorson 45
T CAE T RIS Y RE U IR A B i TR
RREE P MR s e Il 2 L 485 57 EDTA 2 —FP AR A7 1Y
- BRI BE AL B AIL PHIVAT Mn P Bk 25 i 51k 28
LA 2 , EDTA B(# DTPA %525 & 7 GE % 2 2 [ i

Fe* Cu* Mn* Zn* Cd*¥f %I (Daphnia magna) (25
PEP; Arnold S BIFTE R BB INZ 5 ) EDTA 2
H AR Co*FEIEA PSR Cu B ZREIK, Ml 5E
TR Cu & 4 REHEA EDTA (IR, (&
PR, B RS EDTA 520 8 48 #E e pL il
KL, #FBSEE L -COOH  -NH, S5 gl 5 8 4 J8 4%
A ABRIRA T B H T X E ReH S A BCALRE J1 1)
HEJRESGIEMN, AR T 30T 8 4 1 Wi
fdi15 EDTA REGETE Ak - 35 v i 4 ™), DT o i e
SR IEP R TR . R R S A X R AR
P 325 | S G o

4 it

HAJE Cu Cd X RNEA R EEME, Hrp Cd
XFRICH R L Cu BB, AEREHI BRI IS LT,
FOH B AR A TCRE M (BRI A5 N
TR X % B A Bk i P (ECsy 4 35.9 mg- L), Higg
PE R B TR H RS A2 5 pH FRA I = A
HEELBWREARPEL T, B TR RS E S A
FH A4 A 5, T BRI IR o 4 Ja %o R DG T 1)
PECERSI B T2 X Cu B4 4 BE ) B8, W 3
AR EE BN R TCREE ) . B B AR RS
I A7) EDTA f1 NTA, RS HBESESEE
AIAFEOLT , o H BRI s 4R AR A 8L
PERIEEE

S E k-

(1] 2RI, KRR, XIHEFY, 55, B4 BREH] 5 5 4 Jm IR -5 X RO

FRBEPELT. AR AR 412, 2008, 3(3):237-243.
SONG Xiao—qing, LIU Shu—shen, LIU Hai-ling, et al. Mixture toxicity
of herbicides and heavy metal compounds to photobacteria(Vibrio qing—
haiensis sp. —Q67) [J]. Asian Journal of Ecotoxicology, 2008, 3(3):
237-243.

[2] Morillo E, Undabeytia T, Maqueda C, et al. Glyphosate adsorption on
soils of different characteristics: Influence of copper addition|[J]. Chemo—
sphere, 2000, 40(1):103-107.

[3] He B, Yun Z J, Shi J B, et al. Research progress of heavy metal pollution
in China:Sources, analytical methods, status, and toxicity[J]. Chinese Sci—
ence Bulletin, 2013, 58(2) : 134-140.

[4] Wang Q Y, Zhou D M, Cang L. Microbial and enzyme properties of apple
orchard soil as affected by long—term application of copper fungicide[]].
Soil Biology and Biochemistry, 2009, 41(7 ) ; 1504-1509.

[5) 2/ B Lt 5 SRS YRR IGHE MR A
I7i 25 ' T A I8 2 ST . PR 2241, 2010, 30(9) - 1787~
1792.

HUANGFU Xin, LIAO Chong, YANG Ping, et al. Toxicity of metal com—



2334

YIS Sty 53355 121

pounds to luminescent bacteria and sensitivity differences of different
luminescent bacteria[J]. Acta Scientiae Circumstantiae, 2010, 30(9) .
1787-1792.

[6] XBERAE, FRIHL, = AL 45 ZFMES Cu, Zn 3R SEHEFEBEH ik
JiG BOME BEIEROE()]. PREE AR, 2008, 26(6) . 741-744.

DENG Tie-zhu, SU Li-min , YUAN Xing , et al. Joint toxicity of ace—
tochlor and Cu, Zn to photobac terium phosphoreum and zebrafish em—
bryos[J]. Environmental Chemistry, 2008, 26(6 ) :741-744.

[7] Uchida M, Takumi S, Tachikawa K, et al. Toxicity evaluation of glyphosate
agrochemical components using Japanese medaka( Oryzias latipes ) and
DNA microarray gene expression analysis[J]. The Journal of Toxicologi—
cal Sciences,2012,37(2):245.

[8] Atkinson D. Toxicological properties of glyphosate : A summary[M].
Toronto, Canada: Butterworth and Co., The Herbicide Glyphosate. 1985
210-216.

[9] Zhou C F, Wang Y J, Yu Y C, et al. Does glyphosate impact on Cu up—
take by, and toxicity to, the earthworm Eisenia fetida?[]]. Ecotoxicology,
2012,21(8):2297-2305.

[10] F5emm, X 5, SRIEDE, 45, RGBT 6m B9 (R H R A

BRI 8], 24 5 EREEAR, 2010, 10(2): 1-4.

YU Jing-li, LIU Fang, ZHANG Guo—hui, et al. Study on the joint toxi-
city of cadmium ion glyphosate and acetamiprid by Luminescent bacte—
ria[J]. Journal of Safety and Environment, 2010, 10(2) :1-4.

[11] Bernal M H, Solomon K R, Carrasquilla G. Toxicity of formulated glypho—
sate( Glyphos) and cosmo—flux to larval and juvenile colombian frogs
2. field and laboratory microcosm acute toxicity[J]. Journal of Toxicolo—
gy and Environmental Health, Part A, 2009, 72(15-16):966-973.

[12] Howe C M, Berrill M, Pauli B D, et al. Toxicity of glyphosate based pes—
ticides to four North American frog species|J]. Environmental Toxicolo—
gy and Chemistry, 2004, 23(8):1928-1938.

[13] Tsui M T K, Chu L M. Aquatic toxicity of glyphosate—based formula—
tions : comparison between different organisms and the effects of envi—
ronmental factors[J]. Chemosphere, 2003, 52(7):1189-1197.

[14] Belkin S, Smulski D R, Dadon S, et al. A panel of stress—responsive lu—
minous bacteria for the detection of selected classes of toxicants [J].
Water Research, 1997, 31(12):3009-3016.

[15] Chu S, He Y, Xu X. Determination of acute toxicity of polychlorinated
biphenyls to Photobacterium phosphoreum|J]. Bulletin of Environmen—
tal contamination and Toxicology, 1997, 58(2) :263-267.

[16] Jil 4< 35, E AR, BRIl Db A VLTS e -H 4 )8 G5 /)

SEEAEF]. LHE S IRKE, 2000, 9(2) : 143-145.
ZHOU Dong—mei, WANG Shen—qiang, CHEN Huai—man. Interaction
of organic pollutants and heavy metal in soil[J]. Soil and Environmental
Sciences, 2000, 9(2):143-145.

[17] Abate L, De Stefano C, Foti C, et al. Binding of glyphosate by open—

chain polyammonium cations[J]. Environmental Toxicology and Chem—
istry, 1999, 18(10).:2131-2137.

[18] Tsui M, Chu L M. Aquatic toxicity of glyphosate—based formulations:
Comparison between different organisms and the effects of environmen—
tal factors[J]. Chemosphere, 2003, 52(7):1189-1197.

[19] Morel F M M. Principles of aquatic chemistry[M]. New York NY: John
Wiley and Sons, 1983 .:446.

[20] Eker S, Ozturk L, Yazici A, et al. Foliar—applied glyphosate substan—
tially reduced uptake and transport of iron and manganese in sunflower
(Helianthus annuus 1..) plants[J]. Journal of Agricultural and Food
Chemisiry, 2006, 54(26) : 10019-10025.

[21] Zhou C F, Wang Y J, Li C C, et al. Subacute toxicity of copper and
glyphosate and their interaction to earthworm(Eisenia fetida)[J]. Envi—
ronmental Pollution, 2013, 180c:71-77.

[22] EE7, FAK, IMIRIR, 5. 55 BRAR R B SC T A R RN
M EEEL]. A2 ZSIRER, 2004, 13(2) - 158-160.

WANG Yu-jun, ZHOU Dong-mei, CHEN Huai-man, et al. Toxicity of
the interaction of glyphosate and cadmium to wheat[J]. Ecology and En—
vironmental Sciences, 2004, 13(2):158-160.

[23] FoK3H, BERBe, wlAOM. M5 B SR G5 e Xt/ NERN T R 2

RO A VR D). 2R S BR324, 2009, 4(4):591-596.
WANG Mi-dao, CHENG Feng—xia, SI You-bin. The inhibition of the
combined pollution of copper and glyphosate to the seed germination
and root elongation of wheat[]]. Asian Journal of Ecotoxicolog, 2009, 4
(4):591-596.

[24] Halvorson A D, Lindsay W L. The critical Zn?* concentration for corn
and the nonabsorption of chelated zinc[J]. Soil Science Society of Ameri—
ca Journal, 1977, 41(3):531-534.

[25] Denduluri S. Reduction of lead accumulation by ethylenediamine te—
traacetic acid and nitrilo triacetic acid in okra(Abelmoschus esculen—
tus L.) grown in sewage—irrigated soil[J]. Bulletin of Environmental
Contamination and Toxicology, 1993, 51(1):40-45.

[26] Denduluri S. Reduction of manganese accumulation by ethylenedi—
amine tetraacetic acid and nitrilo triacetic acid in okra (A belmoschus
esculentus 1..) grown in sewage—irrigated soil[J]. Bulletin of Envi—
ronmental Contamination and Toxicology, 1994, 52(3 ) :438-443.

[27] Sorvari J, Sillanpéd M. Influence of metal complex formation on heavy
metal and free EDTA and DTPA acute toxicity determined by Daphnia
magnalJ]. Chemosphere, 1996, 33(6):1119-1127.

[28] Arnold R E, Hodson M E, Comber S. Does speciation impact on Cu up—
take by, and toxicity to, the earthworm Eisenia fetida? [J]. European
Journal of Soil Biology, 2007, 43(Suppl1 ) :230-232.

[29] Shahid M, Austruy A, Echevarria G, et al. EDTA -enhanced phytore—
mediation of heavy metals: A review[]J]. Soil and Sediment Contamina—

tion:An International Journal,2014,23(4):389-416.



